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The  cover  of  Research  For  Tomorrow 
visualizes  the  hand  of  research  working 
with  the  double  helix  of  a  molecule  of  DNA 
(deoxyribonucleic  acid)— the  basis  of 
heredity  in  organisms — to  shape 
tomorrow's  agriculture  and  forestry. 
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Foreword 


USDA's  research  function  is  as  old 
as  the  department  itself.  It  was 
one  of  the  agency's  original  functions, 
and  it  continues  to  serve  us  well 
today. 

In  today's  complex  agriculture, 
many  of  the  issues  faced  by 
producers  are  nationwide  in  their 
impact  and  demand  a  national 
commitment  to  address  them. 

In  some  areas,  the  research  to 
provide  the  answers  will  require  such 
long-term  risk  and  expense  that  the 
private  sector  may  hesitate  to 
undertake  it.  In  those  cases,  there 
will  be  a  need  for  concentrated 
Federal  funding. 

Once  the  results  of  basic  research 
are  in  the  public  domain,  the  private 
sector  can  see  opportunities  to 
expand  and  modify  them — to  put 
them  to  work  to  improve  the  quality 
of  life  by  developing  new  uses  and 
new  markets  for  farm  products, 
improving  farm  efficiency,  and 
strengthening  farmer  profitability. 

The  basic  impetus  behind 
agricultural  research  is  not  simply  to 
increase  production — it  is  to  find 
answers  to  the  challenges  society  and 
agriculture  face  today — and  will 
certainly  confront  tomorrow. 


Our  current  challenge  in 
agriculture  is  to  remain  competitive 
in  the  world  market.  U.S.  producers 
must  be  able  to  produce  their  crops  at 
a  price  that  will  allow  them  to  be 
marketed  successfully  in  this  global 
economy.  Research  will  help  us 
discover  more  efficient  and  more 
cost-effective  means  of  doing  this. 

Agriculture  is  a  dynamic  industry, 
and  that  dynamism  is  fueled  by 
research.  Dedicated  men  and  women 
all  over  the  United  States — in  the 
Federal  Government,  the  vast 
network  of  State  Experiment 
Stations,  and  private  industry — are 
part  of  a  common  effort  to  seek 
answers  that  will  ultimately  benefit 
all  of  us. 

The  excitement  and  the  rewards  of 
their  work  are  evident  in  the  1986 
Yearbook  of  Agriculture.  "Research 
for  Tomorrow"  pays  tribute  to  the 
vital  role  research  plays  in  enabling 
U.S.  agriculture  to  be  a  strong  world- 
class  industry. 

RICHARD  E.  LYNG 
Secretary  of  Agriculture 
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Preface 

John  J.  Crowley,  Yearbook  Editor 


This  is  not  the  ultimate  book  on 
agricultural  research.  Not  even 
close. 

It  is,  we  hope,  an  enlightening 
glimpse  into  just  a  few  aspects  of  the 
research  generated  by  or  involving 
dedicated  people  in  the  U.S.  Depart- 
ment of  Agriculture  (USDA)  and  the 
56  State  Agricultural  Experiment  Sta- 
tions, as  well  as  many  others,  includ- 
ing scientists  in  the  private  sector. 

From  the  beginning,  the  choice  of 
subjects  to  be  included  in  the  book 
has  been  controversial — perhaps  in- 
herently so.  It  is  not  easy,  pleasant,  or 
perhaps  even  rational,  to  leave  out  re- 
search into  soil  and  water  conserva- 
tion, aquaculture,  farm  management, 
irrigation,  marketing,  tillage,  tradi- 
tional plant  and  animal  breeding, 
plant  and  animal  production,  tradi- 
tional pesticides,  rural  development, 
transportation,  and  economic  conse- 
quences— to  name  just  a  few  subjects 
in  a  very  broad  spectrum — and  still 
maintain  that  this  is  a  book  about  ag- 
ricultural research. 


Yet  the  committees  and  advisers 
that  selected  the  subjects  in  Research 
for  Tomorrow  saw  value  in  presenting 
just  a  few  subjects  in  some  depth. 
They  hoped  the  book  would  help  in- 
crease understanding  of  at  least  some 
significant  aspects  of  modern  agricul- 
tural research. 

At  the  same  time,  they  said  that  the 
dissemination  of  research  results 
needed  to  be  covered  in  the  book,  as 
well  as  the  land-grant  system  which 
not  only  houses  much  of  today's  im- 
portant research  but  also  trains  our 
youth  for  the  challenges  of  tomorrow. 

Without  this  infrastructure,  there 
would  be  far  fewer  seeking  answers 
and  too  few  benefiting  from  those 
answers. 

My  warm  thanks  go  out  to  all  those 
who  helped  make  this  Yearbook  possi- 
ble. Many  of  them  are  named  in  the 
Credits  at  the  end  of  the  book.  USDA 
is  especially  grateful  to  the  authors, 
who  took  time  from  research  and 
administration  to  provide  the  benefit 
of  their  knowledge  and  insight. 

I'm  confident  that  the  readers  will 
find  their  efforts  valuable. 
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Continuing  strong  support  for 
our  nation's  science  and  tech- 
nology has  been  and  will  continue 
to  be  a  policy  of  this  Administra- 
tion. The  goals  of  this  support  are 
enhanced  national  security,  im- 
proved quality  of  life,  and  in- 
creased national  competitiveness. 
Today,  more  than  ever  before,  we 
must  use  our  technological  re- 
sources aggressively  in  order  to 
retain  international  leadership. 

— President  Reagan, 
1986  State  of  the  Union  Address 
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Role  of 
Research  in 
Agriculture 

Orville  G.  Bentley,  Assistant 
Secretary  for  Science  and 
Education 


Several  factors  have  been  involved 
in  establishing  the  productive  ca- 
pacity of  U.S.  agriculture,  and  high 
on  the  list  are  research  and  techno- 
logical innovations.  Past  investments 
in  research  have  produced  hybrid 
crop  and  animal  strains,  labor-saving 
equipment,  improved  cultural  prac- 
tices, animal  disease  control,  and 
availability  of  chemicals  to  enhance 
growth  and  protect  plants  from  pests. 
The  use  of  these  technologies  has  re- 
sulted in  a  higher  standard  of  living 
for  both  consumers  and  producers.  A 
wide  variety  of  wholesome  food  can 
be  purchased  at  lower  relative  prices 
than  at  any  time  in  the  past,  and 
most  farm  families  enjoy  a  level  of 
living  that  was  not  available  to  earlier 
generations. 

Despite  past  successes  in  produc- 
tivity gains  and  industry  well-being, 
global  economic  changes  of  the  past  5 
years  have  resulted  in  a  considerable 
decrease  in  demand  for  U.S.  exports. 
These  developments  have  had  a  re- 
verberating impact  on  rural  America 
resulting  in  a  considerable  reduction 
in  land  values  and  financial  hardship 
for  many  fanners  and  ranchers.  Re- 
cent changes  in  macro-level  influ- 
ences, however,  suggest  that  future 
opportunities  should  be  brighter: 
•  In  recent  months  the  value  of  the 
dollar  has  declined  20  to  30  per- 
cent as  compared  to  other  curren- 
cies. This  change  reduces  the  costs 
of  U.S.  goods  in  foreign  markets. 


•  Intense  negotiations  are  under  way 
with  our  trading  partners  to  en- 
courage exchange  of  goods  on  a 
more  level  playing  field. 

•  Interest  rates  and  energy  costs 
have  come  down,  easing  two  of  the 
major  expenses  of  modern-day 
agriculture. 

These  positive  trends  should  im- 
prove the  competitive  position  of  U.S. 
agriculture.  But  changes  in  the  rest 
of  the  world's  ability  to  produce  agri- 
culture products  will  challenge  U.S. 
access  to  global  markets.  In  January 
1986,  Dennis  T  Avery,  senior  analyst 
with  the  U.S.  Department  of  State, 
reported:  "annual  world  production  of 
grain  and  oilseeds  has  jumped  by  213 
million  tons  in  the  last  four  years, 
while  world  consumption  has  in- 
creased only  153  million  tons.  The 
largest  share  of  the  increase  in  crop 
output  has  been  in  the  Third  World. 
Better  farm  technology,  due  to  in- 
creasing human  knowledge  and 
broader  world  communication,  has 
been  the  single  most  important  factor 
in  this  progress."  Technology  that  al- 
lowed the  United  States  to  develop  a 
productive  agricultural  industry  is 
now  being  adopted  much  quicker  by 
other  countries. 

What  unique  strengths  does  the 
United  States  possess  to  compete  ef- 
fectively in  domestic  and  foreign  mar- 
kets— remaining  a  net  exporter  of 
food  and  fiber,  rather  than  an  im- 
porter? Two  important  strengths  are: 

1)  A  strong  commitment  to  the  role  of 
science  in  our  national  well-being  and 

2)  an  entrepreneurial  spirit — freedom 
of  economic  oppportunity  to  explore 
new  markets. 

The  future  role  of  research  in  agri- 
culture was  outlined  effectively  by 
Vernon  M.  Ruttan  in  an  editorial  in 
Science,  February  21,  1986: 

The  capacity  of  American  agricul- 
ture to  expand  its  foreign  markets 
and  retain  its  domestic  markets  de- 
pends on  continued  declines  in  the 
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Left:  A  cotton  bollworm  eats  its  way  into  an  unprotected  cotton  boll.  Right:  Overcome 
by  a  viral  insecticide,  a  cotton  bollworm  hangs  from  the  boll  of  a  viral-protected 
cotton  plant.  At  the  slightest  touch  the  caterpillar  will  rupture  to  release  billions  of 
virus  particles  that  could  spread  to  protect  other  plants. 


real  costs  of  production.  American 
agriculture  has  achieved  its  pre- 
eminence in  the  world  by  substitut- 
ing knowledge  for  resources.  This 
knowledge,  embodied  in  more  pro- 
ductive biological,  chemical,  and 
mechanical  technologies  and  the 
managerial  skills  of  farm  operators, 
has  given  the  United  States  a 
world-class  agricultural  industry  at 
a  time  when  many  other  sectors  of 
our  economy  are  losing  their 
preeminent  position.  A  necessary 
condition  for  U.S.  agriculture  to  re- 
tain its  status  is  enhancement  of 
both  public  and  private  sector  ca- 
pacity for  scientific  research  and 
technology  development.  The  costs, 
to  both  consumers  and  producers, 
of  failure  to  maintain  and  enhance 
our  efficiency  in  production  would 


gready  exceed  the  adjustment  costs 
resulting  from  abundance. 

Beginnings  of 
Agricultural  Research 

Agricultural  experimentation  took 
place  in  the  first  permanent  English 
settlements  in  what  is  now  the 
United  States.  The  first  settlers  at 
Jamestown  and  Plymouth  learned, 
with  Indian  aid,  to  grow  corn.  In 
1613,  John  Rolfe  of  Jamestown  ex- 
perimented with  Orinoco  tobacco  and 
developed  our  first  export  crop.  The 
leaders  of  a  setdement  in  Georgia  in 
1733  not  only  established  an  experi- 
mental garden,  but  hired  a  botanist  to 
collect  plants  in  the  West  Indies  and 
Central  and  South  America.  During 
the  18th  century,  other  efforts,  in- 
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Samuel  W.  Johnson,  1830-1909,  America's 
first  advocate  of  agricultural  research.  His 
efforts  led  to  the  establishment  in  1876  of 
the  Connecticut  Agricultural  Experiment 
Station — first  in  the  United  States. 


spired  in  part  by  the  agricultural  rev- 
olution under  way  in  England,  were 
made  to  improve  agriculture. 

George  Washington  created  a  veri- 
table experimental  farm  at  Mount 
Vernon.  He  worked  to  conserve  his 
soil  and  diversify  his  crops,  and  pi- 
oneered in  using  new  machinery.  He 
was  America's  first  mule  breeder  and 
greatly  improved  his  sheep. 

President  Washington  made  the 
first  formal  proposal  for  the  establish- 
ment of  a  Federal  Agency  devoted  to 
agriculture,  Later,  the  president  of 
Norwich  University  asked  Congress 
to  appropriate  funds  from  land  sales 
to  be  distributed  to  the  States  for  es- 
tablishing institutions  to  teach  agri- 
culture. During  the  1840's  and  1850's 
State  legislatures,  farm  leaders,  the 


editors  of  agricultural  periodicals, 
farm  organizations,  and  professional 
and  philanthropic  societies,  urged 
Congress  to  act  on  both  of  these 
proposals. 

In  1839,  Congress  appropriated 
$1,000  of  Patent  Office  funds  for  col- 
lecting agricultural  statistics,  con- 
ducting agricultural  investigations, 
and  distributing  seeds.  Opposing 
groups  said  this  action  was  inade- 
quate and  represented  Federal  inter- 
vention. The  matter  was  settled  on 
May  15,  1862,  when  Abraham  Lin- 
coln signed  into  law  legislation  creat- 
ing the  U.S.  Department  of  Agricul- 
ture (USDA).  The  Act  was  part  of  an 
agrarian  reform  package  offered  to 
the  voters  by  the  Republican  party. 

The  Morrill  Act  of  1862  was  the 
foundation  legislation  for  the  land- 
grant  colleges.  The  primary  focus  of 
this  Act  was  not  research  but  to  pro- 
vide the  common  man  with  an  oppor- 
tunity for  higher  education.  But  the 
emphatic  assignment  of  a  teaching 
mission  seemed  to  overshadow  any 
research  authority  and  prompted  the 
first  generation  of  college  administra- 
tors to  doubt  that  the  Act  authorized 
the  colleges  to  experiment,  except  as 
an  aid  in  the  instruction  of  students. 

At  the  1871  Convention  of  Agricul- 
tural Editors,  University  of  Illinois 
President  John  M.  Gregory  called  at- 
tention to  the  seemingly  incidental 
role  the  Morrill  Act  had  allotted  to  re- 
search. In  an  urgent  tone,  Gregory 
noted  the  need  for  a  well-developed 
system  of  research  had  become  a  se- 
rious practical  question.  Farmers, 
faced  with  problems  they  could  not 
solve,  were  bringing  to  the  college 
staff  questions  that  could  be  an- 
swered by  astute,  continuous,  and 
productive  experimentation. 

After  considerable  discussion  in  the 
press  and  at  public  meetings  about 
State  versus  Federal  responsibilities, 
the  science  and  education  leaders  of 
the  time  convinced  Congress  of  the 
need  for  Federal  funding  of  agricul- 
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tural  research.  The  result  of  all  this 
discussion  was  the  Hatch  Act  of  1887 
which  celebrates  its  100th  anniver- 
sary in  1987. 

The  purpose  of  the  Hatch  Act  was 
to  establish  agricultural  experiment 
stations  in  connection  with  the  land- 
grant  colleges  authorized  in  1862. 
These  experiment  stations  were  to 
conduct  scientific  investigations  and 
experiments  that  would  provide  prac- 
tical and  useful  information.  The  Act 
specifically  mentioned  original  re- 
search and  verified  experiments.  Re- 
search topics  included  physiology  of 
plants  and  animals,  diseases  of  plants 
and  animals,  crop  rotation  advan- 
tages, chemical  composition  of  plants 
at  different  stages  of  growth,  analysis 
of  soil  and  water,  chemical  composi- 
tion of  manures,  digestibility  of  differ- 
ent kinds  of  foods  for  animals,  and 
scientific  and  economic  questions 
about  the  production  of  butter  and 
cheese.  The  1887  Act  also  indicated 
the  need  for  publishing  bulletins  or 
reports  of  progress. 

A  second  Morrill  Act  was  passed  in 
1890  specifically  to  support  the  pre- 
dominantly black  land-grant  institu- 
tions. These  16  institutions,  plus  Tus- 
kegee  University,  are  called  the  1890 
institutions.  Subsequently,  the  Adams 
Act  (1906)  and  Pumell  Act  (1925) 
provided  for  additional  Federal  invest- 
ment in  State  experiment  station 
research. 

The  post-World  War  I  depression  in 
agriculture,  surplus  production,  and 
the  migration  of  rural  people  to  urban 
areas  led  to  a  realization  that  research 
to  generate  new  production  technol- 
ogy was  not  adequate  by  itself.  Eco- 
nomic and  sociological  investigations 
also  were  needed.  These  were  pro- 
vided for  by  the  Purnell  legislation. 

In  1914,  the  Smith-Lever  Act  au- 
thorized USDA  to  provide,  through 
the  land-grant  colleges,  instruction 
and  practical  demonstrations  to  help 
people  identify  and  solve  their  farm, 
home,  and  community  problems. 
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John  M.  Gregory,  1822-1898,  first  regent 
of  Illinois  Industrial  University  (now  the 
University  of  Illinois)  and  eminent  leader  in 
agricultural  education. 


In  1935,  the  Bankhead-Jones  Act 
increased  suppport  for  research,  ex- 
tension, and  teaching  activities.  It 
also  required  Federal  funds  to  be  allo- 
cated to  each  station  in  relation  to  the 
relative  importance  of  the  rural  popu- 
lation of  the  State  and  required  the 
State  to  match  the  Federal  funds  re- 
ceived to  support  research.  In  1946, 
the  Act  was  amended  to  provide  for 
research  to  improve  and  facilitate  the 
marketing  and  distribution  of  agricul- 
tural products. 

In  1962,  the  Mclntire-Stennis  Act 
recognized  the  scientific  and  techno- 
logical needs  in  the  Nation's  forests. 
It  authorized  cooperative  forestry  re- 
search between  USDA  and  State  uni- 
versities. The  25th  anniversary  of  this 
legislation  is  1987. 

Performers  of  Food  and 
Agricultural  Research 

The  United  States  is  fortunate  to 
have  a  unique  system  of  agricultural 
research  and  education  that  has 
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proven  its  ability  to  respond  quickly 
and  effectively  to  society's  needs.  It  is 
a  three-faceted  system  consisting  of 
higher  education,  research,  and  ex- 
tension of  knowledge  to  the  public. 
One  of  its  strengths  is  its  diversity. 

The  higher  education  system  in- 
cludes community  colleges,  land- 
grant  universities,  other  public  uni- 
versities and  colleges,  and  privately  fi- 
nanced institutions  of  higher  educa- 
tion in  every  State. 

Research  related  to  agricultural 
production  and  marketing  is  con- 
ducted by  the  56  State  Agricultural 
Experiment  Stations  including  de- 
partments of  forestry,  colleges  of  vet- 
erinary medicine,  and  home  econom- 
ics; by  16  separate  schools  of  forestry, 
Tuskegee  University  and  sixteen 
1890  colleges.  Federal  funds  for  these 
facilities  are  channelled  through 


USDA's  Cooperative  State  Research 
Service.  The  main  internal  performers 
of  research  in  USDA  are  the  Agricul- 
tural Research  Service,  Forest  Serv- 
ice, and  Economic  Research  Service. 
The  Office  of  International  Coopera- 
tion and  Development  has  the  re- 
sponsibility for  coordinating  the  De- 
partment's international  science 
programs.  In  addition,  there  is  con- 
siderable research  and  development 
activity  occurring  in  the  private 
sector. 

Research  findings  are  transmitted 
to  ultimate  users  by  an  Extension  ed- 
ucation system  unique  to  the  United 
States.  Organization  of  this  Extension 
system  begins  at  the  county  level, 
making  it  truly  a  "grass  roots"  organi- 
zation. Cooperative  Extension  has 
staff  located  in  nearly  every  county 
nationwide.  Extension  has  programs 


Students  study  agronomy  at  the  University  of  Rhode  Island  Agricultural  Experiment 
Station  in  1902. 
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for  farmers  and  ranchers  to  demon- 
strate new  and  improved  production 
and  marketing  technology;  seminars 
on  innovative  marketing  techniques 
for  agribusiness  and  producer  cooper- 
atives; and  even  courses  emphasizing 
basic  nutritional  needs  for  home- 
makers  and  families. 

In  addition  there  are  programs  in 
resource  management,  energy  con- 
servation, and  health  and  safety,  as 
well  as  those  designed  to  help  4-H 
Club  youth  develop  leadership  skills 
and  explore  careers  and  other  devel- 
opmental activities;  demonstrate  to 
homeowners  lawn  and  garden  care, 
the  use  of  pesticides  and  herbicides, 
and  ornamental  horticulture;  and  as- 
sist community  groups  and  local  offi- 
cials in  analyzing  needs  and  re- 
sources for  community  development. 

Recent  Legislative 
Developments 

The  passage  of  the  National  Agricul- 
tural Research,  Extension,  and 
Teaching  Policy  Act  in  1977, 
amended  in  1981,  resulted  in  signifi- 
cant management  and  program 
changes.  This  Act  firmly  established 
the  USDA  as  the  lead  Federal  agency 
for  food  and  agricultural  sciences.  Be- 
fore this  Act,  agencies  conducting 
federally  supported  research  were  es- 
tablished at  different  times  in  re- 
sponse to  different  needs,  and  their 
work  was  not  fully  coordinated.  Fur- 
ther, it  established  an  assistant  secre- 
tary of  agriculture  for  Science  and 
Education  to  carry  out  the  responsi- 
bilities of  the  Act. 

To  provide  for  better  cooperation 
and  coordination  in  the  performance 
of  agricultural  research  by  Federal 
departments  and  agencies,  State  Agri- 
cultural Experiment  Stations,  colleges 
and  universities,  and  user  groups — 
two  advisory  bodies  were  authorized. 

The  National  Agricultural  Research 
and  Extension  Users  Advisory  Board 
was  established  to  incorporate  the 


views  of  users.  It  makes  annual  rec- 
ommendations on  budgets,  program 
priorities,  and  agency  operations. 

The  Joint  Council  on  Food  and  Ag- 
ricultural Sciences  was  established  to 
provide  better  cooperation  and  coordi- 
nation among  Federal  and  State  inter- 
ests. Its  most  important  activities 
have  been  reported  in  four  docu- 
ment— Needs  Assessment,  5- Year 
Plan,  Priorities  Report,  and  Accom- 
plishments Report — that  are  being 
used  extensively  by  legislators,  ad- 
ministrators, and  scientists. 

The  top  five  national  priorities  se- 
lected for  special  emphasis  by  the 
Joint  Council  in  1987  were: 

1)  Agricultural  profitability  issues; 

2)  water  quality  and  management; 

3)  biotechnology  research  on  plants, 
animals,  and  microbes;  4)  scientific 
and  professional  human  capital  devel- 
opment; and  5)  human  nutrition  and 
diet  and  health  relationships. 

The  long  (20  years)  and  mid-term 
(5  years)  needs  and  objectives  are  ad- 
dressed in  the  Needs  Assessment  and 
5-Year  Plan.  The  accomplishments  re- 
port highlights  the  annual  results  of 
these  research  and  education 
activities. 

Congress  recognized  that  the  food 
and  agricultural  sciences  needed  ex- 
tra effort  in  the  basic  sciences  to 
achieve  breakthroughs  in  knowledge 
that  could  support  innovative  food 
and  agricultural  technologies.  The 
1977  Act,  as  amended  in  1981,  estab- 
lished a  program  of  grants  for  high- 
priority  agricultural  research  to  be 
awarded  on  the  basis  of  competition 
among  scientific  research  workers  at 
universities,  Federal  agencies,  private 
organizations,  and  individuals  not  as- 
sociated with  any  institution.  The 
Competitive  Research  Grants  Office 
was  established  to  implement  this 
legislation.  It  adopted  most  of  the 
same  procedures  used  by  the  Na- 
tional Science  Foundation.  Also,  a 
program  of  education  grants  and  fel- 
lowships was  established  to 
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Computers  monitor  physiological  and 
behavior  reactions  to  milking  and  other 
functions  of  the  animal. 


strengthen  training  and  research  pro- 
grams in  the  food  and  agricultural 
sciences. 

The  1985  Food  Security  Act  reiter- 
ated the  importance  of  research  to  the 
economic  viability  of  U.S.  agriculture. 
Some  highlights  in  the  act  include: 
an  expanded  research  and  develop- 
ment program  on  new  uses  for  farm 
and  forest  products;  development  of 
appropriate  controls  for  biotechnology 
research  and  its  products;  dietary  as- 
sessment; and  increased  effort  in 
helping  financially  depressed  farmers. 

Future  Agricultural 
Problems 

Great  and  exciting  opportunities  lie 
ahead.  A  core  of  excellent  scientists 


are  using  cutting-edge  scientific  tech- 
niques to  resolve  agricultural  prob- 
lems. Examples  of  the  major  prob- 
lems and  the  challenges  they  offer 
follow. 

New  Scientific  Tools.  Improve- 
ments in  modern  computer  systems 
and  the  development  of  biotechnology 
have  created  exciting  opportunities  in 
agricultural  research.  The  technology 
for  gathering,  analyzing,  and  dissemi- 
nating information  is  advancing  rap- 
idly. Modern  computer  technology 
and  telecommunications  offer  great 
potential  for  increasing  agricultural 
productivity  by  improving  efficiency 
of  information  exchange  between  and 
among  scientists,  Extension  special- 
ists, producers,  and  consumers.  Elec- 
tronic mail  will  enable  scientists  to 
make  daily  contact  with  colleagues 
throughout  the  world  who  are  work- 
ing in  the  same  research  area. 

Because  of  the  discovery  of  the 
chemical  structure  of  the  genetic 
code  of  life  some  30  years  ago  and 
the  development  of  gene-splicing 
techniques  in  the  past  10  years: 

•  living  organisms  can  be  harnessed 
for  the  production  of  large  quan- 
tities of  specific  biological  products; 

•  sexual  reproduction  can  be  by- 
passed in  the  transfer  of  specific 
desired  traits  between  plants,  ani- 
mals, and  micro-organisms;  and 

•  DNA,  that  master  molecule  of  he- 
redity, can  now  be  studied  close  up 
in  ways  not  imagined  only  a  few 
years  ago. 

These  new  abilities,  along  with 
other  advances  in  such  areas  as  micro- 
culture,  cell  fusion,  and  regeneration 
of  plants  from  single  cells  are  creat- 
ing vast  new  opportunities  all  across 
the  agricultural  sciences. 

Assuring  the  Security  of  Re- 
newable Resources.  Despite 
scientifically  and  technologically  en- 
hanced production  capacity  and  the 
current  surplus  of  food,  uncontrolla- 
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ble  climatic  conditions  could  rapidly 
eliminate  food  reserves  and  cause 
food  shortages.  This  underscores  the 
irony  that  scientifically  sophisticated 
agriculture  is  still  at  nature's  mercy. 
The  decisive  factor  in  assuring  the 
security  of  our  renewable  resources 
will  be  the  abilities  of  our  farm  people 
and  technological  progress. 

To  assure  food  security,  production 
systems  must  be  developed  that  are 
more  sophisticated  and  efficient  with 
better  control  of  weeds,  diseases,  and 
pests  and  less  dependent  on  weather. 
Transportation  systems  will  be  devel- 
oped to  move  raw  agricultural  com- 
modities and  finished  products  to 
consumers  more  efficiendy.  New 
technologies  in  processing  and  pack- 
aging will  insure  the  continued  avail- 
ability of  a  low-cost,  year-round  food 
supply.  Storage  technology  will  allow 
storing  new  varieties  of  commodities 
and  controlling  insects  and  bacteria 
that  have  become  increasingly  resist- 
ant to  current  control  methods. 

Because  of  changing  political  and 
economic  circumstances  worldwide, 
the  Nation  is  giving  increased  atten- 
tion to  assuring  domestic  production 
of  needed  agricultural  industrial  ma- 
terials, as  well  as  food  and  fiber, 
wherever  it  might  be  economically 
and  technologically  feasible.  Research 
has  shown  that  plants  can  supply  nu- 
merous industrial  raw  materials,  such 
as  fats,  oils,  waxes,  and  natural  rub- 
ber used  in  enormous  quantities  by 
industry.  Of  the  14  crops  that  have 
been  identified  and  can  be  grown  do- 
mestically, two  will  be  discussed  here. 

Crambe,  a  member  of  the  mustard 
family  of  Mediterranean  origin,  has  a 
seed  oil  containing  55—60  percent  er- 
ucic  acid  and  could  replace  all  im- 
ported rapeseed  oil.  Derivatives  of  eru- 
cic  acid  are  used  to  make  plastic 
sheets  of  film  slip  one  over  another 
without  sticking;  as  a  fixative  for  per- 
fumes and  fragrances;  in  nylons  for 
use  in  manufacturing  molded  and  ex- 
truded items  such  as  gears,  fasteners, 


To  increase  the  amount  of  rubber  in 
guayule  plants,  a  chemist  sprays  them 
with  bioreguiators. 


and  tubing  and  coatings,  adhesives, 
films,  and  fibers. 

Guayule  is  a  drought-resistant 
shrub  which  grows  wild  in  semiarid 
regions  of  North  America.  In  the 
early  1900's,  guayule  provided  10  per- 
cent of  the  world's  natural  rubber 
supply.  After  World  War  II,  the  plant 
was  abandoned  in  favor  of  synthetic 
rubber.  Recent  improvements  in  agro- 
nomic and  processing  technologies 
suggest  that  it  may  once  again  be  a 
competitive  source  of  natural  rubber. 
Natural  rubber  is  preferred  for  certain 
applications  such  as  bus,  truck,  and 
airplane  tires;  fan  belts;  surgical  rub- 
ber; and  hydraulic  hoses.  In  addition, 
having  a  domestic  source  of  natural 
rubber  is  an  important  security  issue. 
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Assuring  Protection  of  Non- 
renewable Resources.  Average 
Americans  often  take  their  relation- 
ship to  the  natural  environment  for 
granted.  The  importance  in  absolute 
terms  of  the  environmental  resources, 
however,  grows  steadily  with  each 
passing  year.  There  is  great  concern 
about  the  adequacy  of  the  U.S.  natu- 
ral resource  base  to  sustain  continued 
expansion  of  agricultural  and  forestry 
production. 

The  farmer  of  the  future  will  con- 
centrate heavily  on  the  efficiency  of 
resource  use,  reducing  production 
costs  as  a  means  of  improving  profita- 
bility. Many  technologies  will  be 
needed  to  enhance  crop  yields  and  re- 
duce their  variability  from  year  to 
year.  Water  management  and  conser- 
vation technologies  such  as  drip  or 
trickle  irrigation  and  surge-flow  irri- 
gation will  produce  water  savings 
over  conventional  practices.  Laser 
leveling  of  land  will  prepare  it  for 
more  effective  water  usage.  Infrared 
guns  will  measure  plant  temperatures 
and  indicate  water  stress.  Field  condi- 
tions will  be  monitored  by  sensors 
and  tied  in  with  weather  satellite 
forecasts  to  aid  irrigation  scheduling. 
Our  limited  energy  resources  will  be 
used  more  efficiently.  Introducing  ni- 
trogen-fixing capabilities  into  non- 
leguminous  plants  will  dramatically 
reduce  the  cost  of  using  nitrogen  fer- 
tilizer and  ease  the  pressure  on  natu- 
ral resources.  Air  quality  will  be  im- 
proved to  prevent  atmospheric 
deposition  which  affects  crop  yields, 
tree  growth,  lake  ecology,  and  fish 
and  wildlife  habitats. 

Enhancing  International  Com- 
petitiveness. "The  two  most  im- 
portant elements  of  a  national  re- 
search strategy  for  the  United  States 
are  (1)  education  and  (2)  mechanisms 
for  bringing  scientific  discoveries 
from  the  laboratory  to  the  market- 
place. The  application  and  develop- 
ment of  scientific  innovations  in  this 


country  have  traditionally  been  a 
source  of  unique  strength.  Today,  this 
is  an  area  that  requires  material  im- 
provement if  we  are  to  retain  our 
commanding  lead  in  international 
technological  competition." 

This  statement  by  John  Diebold  in 
the  Spring  1986  Issues  in  Science  and 
Technology  is  a  truism  of  immense 
importance.  In  the  past,  agriculture 
has  been  cited  as  the  outstanding  ex- 
ample of  transferring  scientific 
knowledge  into  useful  applications. 
This  past  success  will  not  automati- 
cally continue  into  the  future  unless 
the  science  and  education  system  in 
agriculture  adjusts  to  changing  con- 
ditions. For  example,  an  improved 
understanding  of  changing  foreign 
and  domestic  markets  is  needed. 

Enhancing  World  Peace  and 
Supporting  Foreign  Policy. 

The  United  States  has  a  long  and  en- 
viable record  of  sharing  its  resources 
and  knowledge  with  other  countries 
in  a  continuing  effort  to  promote  eco- 
nomic stability,  reduce  poverty,  and 
solve  world  food  problems.  U.S.  agri- 
culture has  the  basic  ingredients  to 
assure  a  role  of  leadership  in  this  in- 
ternational arena.  It  has  a  strong  and 
viable  agricultural  science  system;  a 
solid  and  proven  research,  Extension, 
and  teaching  system;  an  effective 
partnership  with  the  private  sector; 
policies  that  articulate  and  emphasize 
scientific  cooperation;  and  experience 
in  a  wide  range  of  international  coop- 
erative activities.  Exchanging  knowl- 
edge and  training  programs  provides 
a  foundation  for  better  training  part- 
nerships and  a  better  understanding 
by  the  peoples  of  one  country  of  the 
needs  and  customs  of  peoples  of  an- 
other. It  can  go  a  long  way  toward 
supporting  foreign  policy  and  enhanc- 
ing world  peace. 

Improving  the  Quality  and 
Safety  of  Food  and  Fiber. 

Through  research,  the  United  States 
will  develop  agriculture  products  that 


10 


AGRICULTURAL  RESEARCH 


Research  for  Tomorrow 


are  more  appealing  to  consumers  and 
more  nutritious.  Not  only  will  tech- 
niques be  developed  that  will  detect 
the  smallest  amounts  of  agricultural, 
industrial,  or  natural  toxicants  in 
foods,  but  production  techniques  will 
assure  these  harmful  substances  do 
not  get  in  our  food. 

Improving  Human  Nutrition, 
Health,  and  Weil-Being.  Ameri- 
cans have  access  to  more  high-qual- 
ity, moderately  priced,  safe  and  nutri- 
tious food  products,  than  any  other 
people  in  the  world.  The  metabolic 
relationship  between  nutrient  intake 
and  physiological  response  needs  to 
be  better  understood.  Adequate  nutri- 
tion and  proper  dietary  practices  will 
reduce  the  risk  of  various  diseases 
such  as  cardiac  disease,  diabetes,  and 
some  forms  of  cancer.  A  better  under- 
standing of  the  needs  of  pregnant  and 
lactating  mothers  and  newborn  in- 
fants will  reduce  infant  disabilities 
and  mortality.  We  will  have  a  better 
knowledge  of  the  relationships  be- 
tween nutrient  quality  and  human 
genetic  potential  and  will  have  the 
ability  to  alter  naturally  occurring 
food  ingredients  via  biotechnology. 
The  opportunities  are  limitless. 

Need  for  Trained  People.  The 

new  opportunities  in  science  require 
trained  people.  Many  agricultural 
scientists  received  their  formal  educa- 
tion 20  to  30  years  ago  and  are  reach- 
ing retirement  age.  Areas  of  im- 
portance are  molecular  biology, 
systems  analysis,  and  international 
marketing.  These  shortages  were 
highlighted  at  a  conference  held  in 
1984  on  "Brainpower  for  Agricul- 
ture'^— cosponsored  by  USDA  and  the 
National  Academy  of  Sciences.  In  ad- 
dition to  a  continuing  funding  prob- 
lem in  higher  education,  the  tradi- 
tional images  of  agricultural  fields 
need  modification  so  that  talented 
students  will  more  objectively  evalu- 
ate career  opportunities  in  the  agri- 
cultural sciences. 
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Movement 

Patricia  B.  Lewis,  public 
information  consultant,  New  Jersey 
Agricultural  Experiment  Station, 
New  Brunswick  i 


M#ith  the  livid  language,  sonorous 
WW  prose,  and  grand  manner  of 
19th  century  oratory,  Jonathan  Bald- 
win Turner  devoted  his  life  to  the 
idea  of  general,  practical  education 
for  the  masses. 

Turner  was  an  evangelist  of  ideas 
in  the  three  areas  that  consumed  •; 
him— religion,  politics,  and  education. 
In  all  three,  his  views  were  unortho- 
dox and  brought  him  severe  criticism 
and  some  personal  abuse.  Still  he 
would  not  modify  his  stands,  and  fi- 
nally it  was  the  melding  of  religious 
fervor  with  political  skill  that  allowed 
Turner's  educational  philosophy  to 
become  the  law  of  the  land. 

Ideas  developed  by  Turner  spread 
far  beyond  Illinois  where  he  honed 
them  and  came  to  encompass  the  en- 
tire United  States  through  the  land- 
grant  university  movement.  With  the 
missionary  fervor  of  a  John  the  Bap- 
tist, Jonathan  Turner  never  missed  an 
opportunity  to  advance  his  ideas.  He 
Tought  relentlessly  for  education  for 
the  sons  and  daughters  of  the  work- 
ing class;  an  education  "suited  to 
their  aptitudes,  interests  and  careers." 


Jonathan  Baldwin  Turner,  Evangelist  of  the  Land-Grant  University  Movement     1 1 
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are  more  appealing  to  consumers  and 
more  nutritious.  Not  only  will  tech- 
niques be  developed  that  will  detect 
the  smallest  amounts  of  agricultural, 
industrial,  or  natural  toxicants  in 
foods,  but  production  techniques  will 
assure  these  harmful  substances  do 
not  get  in  our  food. 

Improving  Human  Nutrition, 
Health,  and  Weil-Being.  Ameri- 
cans have  access  to  more  high-qual- 
ity, moderately  priced,  safe  and  nutri- 
tious food  products,  than  any  other 
people  in  the  world.  The  metabolic 
relationship  between  nutrient  intake 
and  physiological  response  needs  to 
be  better  understood.  Adequate  nutri- 
tion and  proper  dietary  practices  will 
reduce  the  risk  of  various  diseases 
such  as  cardiac  disease,  diabetes,  and 
some  forms  of  cancer.  A  better  under- 
standing of  the  needs  of  pregnant  and 
lactating  mothers  and  newborn  in- 
fants will  reduce  infant  disabilities 
and  mortality.  We  will  have  a  better 
knowledge  of  the  relationships  be- 
tween nutrient  quality  and  human 
genetic  potential  and  will  have  the 
ability  to  alter  naturally  occurring 
food  ingredients  via  biotechnology. 
The  opportunities  are  limitless. 

Need  for  Trained  People.  The 

new  opportunities  in  science  require 
trained  people.  Many  agricultural 
scientists  received  their  formal  educa- 
tion 20  to  30  years  ago  and  are  reach- 
ing retirement  age.  Areas  of  im- 
portance are  molecular  biology, 
systems  analysis,  and  international 
marketing.  These  shortages  were 
highlighted  at  a  conference  held  in 
1984  on  "Brainpower  for  Agricul- 
ture'^— cosponsored  by  USDA  and  the 
National  Academy  of  Sciences.  In  ad- 
dition to  a  continuing  funding  prob- 
lem in  higher  education,  the  tradi- 
tional images  of  agricultural  fields 
need  modification  so  that  talented 
students  will  more  objectively  evalu- 
ate career  opportunities  in  the  agri- 
cultural sciences. 
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Patricia  B.  Lewis,  public 
information  consultant,  New  Jersey 
Agricultural  Experiment  Station, 
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M#ith  the  livid  language,  sonorous 
WW  prose,  and  grand  manner  of 
19th  century  oratory,  Jonathan  Bald- 
win Turner  devoted  his  life  to  the 
idea  of  general,  practical  education 
for  the  masses. 

Turner  was  an  evangelist  of  ideas 
in  the  three  areas  that  consumed  •; 
him— religion,  politics,  and  education. 
In  all  three,  his  views  were  unortho- 
dox and  brought  him  severe  criticism 
and  some  personal  abuse.  Still  he 
would  not  modify  his  stands,  and  fi- 
nally it  was  the  melding  of  religious 
fervor  with  political  skill  that  allowed 
Turner's  educational  philosophy  to 
become  the  law  of  the  land. 

Ideas  developed  by  Turner  spread 
far  beyond  Illinois  where  he  honed 
them  and  came  to  encompass  the  en- 
tire United  States  through  the  land- 
grant  university  movement.  With  the 
missionary  fervor  of  a  John  the  Bap- 
tist, Jonathan  Turner  never  missed  an 
opportunity  to  advance  his  ideas.  He 
Tought  relentlessly  for  education  for 
the  sons  and  daughters  of  the  work- 
ing class;  an  education  "suited  to 
their  aptitudes,  interests  and  careers." 
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It  was  his  philosophy  that  the  "indus- 
trial universities"  should  exclude  "no 
species  of  knowledge"  whether  practi- 
cal or  theoretical;  unless,  "those  spec- 
imens of  organized  ignorance  found 
in  the  creeds  of  party  politicians  and 
sectarian  ecclesiastics  should  be  mis- 
taken by  some  for  a  species  of  knowl- 
edge." 

Although  described  by  his  daugh- 
ter, Mary  Turner  Carriel,  as  "sweet  of 
temper"  with  a  "mildness  of  manner," 
Turner  was  known  to  be  brusque,  di- 
rect to  the  point  of  offensiveness,  and 
keenly  sarcastic  in  dealing  with  the 
"evils  of  public  affairs."  In  an  1873 
address  he  remarked,  "I  have  often 
■  thought,  and  sometimes  said,  that  I 
can  see  no  way  by  which  the  farmers 
of  the  West  can  get  rid  of  the  evils 
that  now  oppress  them  until  we  can 
contrive  to  get  up  several  thousand 
first-class  funerals  of  old  judges,  leg- 
islators, lawyers,  editors,  etc..  etc. 
.  with  a  sprinkling  of  divines  sent 
along  with  them  to  act  as 
chaplains  ..." 

A  complex  man  whose  ideas  were  a 
good  50  years  before  their  time. 
Turner  was  unorthodox  and  imagina- 
tive. He  was  known  beyond  educa- 
tional circles  for  his  work  with  the 
mentally  ill,  the  sick,  and  for  his 
unique  contributions  to  horticulture. 

A  native  of  Massachusetts,  edu- 
:  cated  at  Yale,  and  for  years  a  profes- 
sor at  Illinois  College,  Jonathan 
Turner  was  constandy  engaged  in 
one  revolutionary  movement  or  an- 
other. From  his  challenge  to  the  con- 
ventional wisdom  of  his  religious  de- 
monization  to  his  opposition  to 
slavery,  Turner  never  took  the  easy 
path. 

Turner's  influence  among  his  stu- 
dents at  Illinois  College  was  strong, 
and  through  them  he  had  still  greater 
influence  on  leaders  of  that  period.  In 
writing  about  her  father's  life,  Mary 
Turner  Garriel  says  that  among  Turn- 
er's students  were  William  G.  Green 
and  his  brother,  sons  of  a  widow  Jiv-    ; 


ing  in  Menard  County,  Illinois.  At  the 
end  of  one  school  term,  they  walked 
home,  and  found  that  their  mother 
had  hired  a  tall,  thin  man  with  a  rus- 
tic manner  to  help  with  the  harvest. 

After  supper,  the  man  asked  the 
boys  what  they  had  learned  at  school 
and  if  they  would  show  him  their 
books.  They  told  him  about  college, 
showed  him  their  books,  and  he  se- 
lected one  on  English  grammar. 
Every  night  for  weeks  he  studied  that 
book,  sometimes  asking  questions 
which  the  boys  answered  as  best  they 
could,  always  citing  as  their  authority 
Jonathan  Baldwin  Turner,  Professor 
of  Belles  Lettres,  Latin  and  Greek  at 
Illinois  College. 

The  man  was  Abraham  Lincoln. 
Years  later  when  he  and  Turner  had 
become  well  acquainted,  President 
Lincoln  would  say  to  Turner,  "My 
only  instruction  in  the  English  lan- 
guage has  been  from  you,"  referring 
to  the  Green  brothers  of  Tellula,  Illi- 
nois, while  they  were  students  at  Illi- 
nois College  where  Turner  taught  and 
[Lincoln]  was  a  hired  hand  on  their 
mother's  farm. 

No  doubt  the  Lincoln-Turner  asso- 
ciation helped  the  land-grant  univer- 
sity movement.  Before  the  campaign 
of  1860,  Professor  Turner  had  talked 
with  Lincoln  at  Decatur,  Illinois. 
Turner  told  Lincoln  that  he  would  be 
nominated  by  the  Republicans  and 
that  he  would  win  the  election. 

Lincoln  is  said  to  have  responded, 
"If  I  am,  I  will  sign  your  bill  for  State 
Universities^" 

No  doubt  that  made  Turner  happy, 
but  the  story  goes  that  he  had  further 
reason  for  jubilation.  A  little  while 
later  on  a  train  to  Peoria,  Turner  met 
Stephen  A.  Douglas.  Douglas  is  said 
to  have  remarked,  "If  I  am  elected,  I 
will  sign  your  bill." 

Turner  understood  the  need  for  bi- 
partisan support  and  whichever  way 
the  country  voted — Republican  or 
Democrat — he  would  realize  his 
dream.  It  mu  st  have  been  a  real 
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cause  for  celebration  by  Turner  who 
had  witnessed  10  years  of  Congres- 
sional maneuvering  and  a  veto  by 
President  Buchanan. 

Despite  Turner's  association  with 
Lincoln,  Douglas'  support  of  the  land- 
grant  university  concept  was  not  idle. 
He  had  said,  "This  educational 
scheme  of  Professor  Turner's  is  the 
most  democratic  scheme  of  education 
ever  proposed  to  the  mind  of  man!" 
And  in  June  1861,  Douglas  wrote 
Turner  requesting  a  copy  of  his  plan 
for  an  industrial  university  and  its 
history.  Douglas  wanted  to  introduce 
the  bill  himself. 

Turner  complied,  but,  when  his  son 
delivered  the  materials  to  the  post  of- 
fice, he  found  a  telegram  saying 
Douglas  had  died  in  Chicago.  In  grief 
and  disappointment,  Turner  threw 
everything  in  the  trash.  The  disap- 
pointment was  short  lived,  because 
Justin  Smith  Morrill,  a  senator  from 
Vermont  whose  earlier  attempt  at  get- 
ting land-grant  university  legislation 
into  law  had  failed,  reintroduced  the 
measure  which  President  Lincoln 
signed  July  2,  1862. 

And  so  Jonathan  Baldwin  Turner, 
whose  full  flowing  beard  and  stately 
appearance  resembled  the  prophets 
he  often  called  upon  in  making  his 
point,  had  seen  a  vision  realized. 

It  was  a  vision  of  which  Dr.  S.  A. 
Forbes,  while  Dean  of  the  College  of 
Science  at  the  University  of  Illinois, 
said,  "That  reaching  upward  of  the 
masses  for  more  power  and  light, 
spreading  eastward,  gave  us  later  the 
long  line  of  land-grant  colleges,  and 
gives  us  now  the  State  experimental 
stations  also,  as  a  sort  of  second 
growth  from  the  seed  first  sown, 
through  recognized  acceptance  of  the 
natural  sciences  as  a  necessary  part 
of  the  course  study  in  a  true  people's 
school . .  ." 

With  his  missionary  mind,  Jona- 
than Turner  no  doubt  would  have 
seen  the  creation  of  the  State  Agricul- 
tural Experiment  Station  system  as  a 


Jonathan  Baldwin  Turner,  1805-1899, 
agriculturist  and  early  advocate  of 
vocational  education. 

type  of  Second  Coming.  This  move- 
ment, which  celebrates  its  100th  an- 
niversary in  March  1987,  gained  its 
urgency  from  yet  another  man  from 
Illinois.  University  of  Illinois  Presi- 
dent John  M.  Gregory  at  an  1871 
convention  of  agriculture  educators 
called  attention  to  the  seemingly  inci- 
dental role  the  Morrill  Act  had  allot- 
ted to  research. 

Gregory  said  farmers,  beset  with 
problems  they  could  not  solve,  were 
bringing  questions  to  the  college  staff 
that  could  be  answered  only  by  as- 
tute, continuous,  and  productive 
experimentation. 
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After  considerable  discussion  in  the 
press  and  at  public  meetings  about 
State  versus  Federal  responsibilities, 
the  science  and  education  leaders  of 
the  time  were  able  to  obtain  Federal 
funding  of  agricultural  research. 

Eugene  Hilgard,  director  of  the 
California  experiment  station  at 
Berkeley,  was  a  forceful  leader  in  this 
effort.  Hilgard  favored  an  increase  in 
the  appropriation  to  the  Department 
of  Agriculture  which  would  by  direct 
cooperation  with  the  land-grant  uni- 
versities operate  an  experiment  sta- 
tion in  each  State.  Hilgard  preferred 
this  approach  because  it  would  pro- 
duce a  "radiating  network"  of  scien- 
tific research  linking  the  scientific  ca- 
pacity of  a  Federal  research  center  at 
the  Nation's  capital  to  the  existing 
collection  of  university  talent  in  each 
State  just  waiting  for  formal 
organization. 

It  is  this  radiating  network,  com- 
bined with  contributions  from  private 
industry,  that  provides  the  United 
States  with  the  research  results  it 
needs  to  lead  the  world's  agriculture. 


Agricultural 
Research: 
Who  Pays  and 
Who  Benefits? 

John  E.  Lee,  Jr.,  administrator, 
and  Gary  C.  Taylor,  agricultural 
economist,  Economic  Research 
Service 


The  triumph  of  modern  agriculture 
over  the  Malthusian  threat  of 
global  starvation  is  well  known. 

Contrary  to  the  forecasts  of  18th 
century  doomsdayers,  agriculture  pro- 
duction has  increased  faster  than 
global  population,  to  the  extent  that 
more  of  the  past  century  has  been 
characterized  by  food  gluts  than  by 
food  shortages,  especially  in  the  in- 
dustrial economies. 

Chronic  food  shortages,  where  they 
exist  in  the  world,  are  now  recog- 
nized to  be  matters  of  policy,  eco- 
nomic development,  and,  perhaps, 
distributive  equity,  because  resources 
and  the  technology  to  use  them  are 
known  to  be  more  than  adequate  to 
eliminate  the  shortages. 

The  dramatic  technological  trans- 
formation of  agriculture  in  the  past 
century  has  made  it  possible  to  meet 
the  food  and  fiber  needs  of  our  so- 
ciety with  a  declining  portion  of  our 
total  resources,  freeing  the  remaining 
resources  to  provide  the  goods  and 
services  that  constitute  our  higher 
standard  of  living. 

Research  has  made  a  major  contri- 
bution to  modern  agricultural  tech- 
nology. In  the  United  States,  re- 
search— together  with  the  teaching 
and  extension  of  agricultural  sci- 
ences— has  enabled  us  to  1)  produce 
and  deliver  to  consumers  a  greater 
variety  of  higher  quality  products  for 
a  declining  portion  of  their  incomes; 
2)  improve  food  safety  and  quality; 
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3)  reduce  adverse  effects  of  the  food 
system  on  the  environment;  and 

4)  dramatically  reduce  human  drudg- 
ery. In  varying  degrees,  similar  prog- 
ress has  been  made  in  other  coun- 
tries, especially  the  developed 
countries. 

Who  Pays  for 
Agricultural  Research? 

Agricultural  research  has  been 
funded  for  well  over  a  century  by  the 
Federal  and  State  Governments  and 
by  privately  owned  companies  who 
sell  their  products  to  food  and  fiber 
producers,  processors,  and  con- 
sumers. So,  the  general  answer  to  the 
question  of  who  pays  for  agricultural 
research  is  fairly  straightforward.  The 
funding  comes  from  Federal  and 
State  taxpayers  and  the  incomes  of 
agribusiness  companies. 

In  the  United  States,  there  has 
long  been  a  mixture  of  publicly 
funded  and  private  research,  but,  un- 
til recent  decades,  publicly  funded  re- 
search was  predominant.  Public  re- 
search funded  by  tax  revenues  is 
conducted  in  Federal  agencies,  State 
agencies,  universities,  and  a  host  of 
other  public  and  private  institutions. 
Public  funds  spent  on  agricultural  re- 
search increased  persistently,  espe- 
cially after  World  War  I,  reaching 
about  $2.1  billion  by  the  mid-1980's. 

Farmers  and  other  agricultural  in- 
terests, including  researchers  and 
their  administrators,  present  the  case 
for  agricultural  research  before  State 
and  Federal  legislatures  and  execu- 
tive branches.  Some  might  suggest 
that  farmers  basically  pay  for  public 
research  with  their  tax  dollars.  Since 
farmers,  however,  pay  a  relatively 
small  part  of  total  tax  revenues,  agri- 
cultural research  is  funded  by  the 
larger  public. 

Some  agricultural  research  has  al- 
ways been  privately  funded  and  con- 
ducted, but  in  the  past  two  decades 
research  funded  by  private  companies 


Medical  technologist  inspects  a 
veterinarian  pathology  slide  at  Montana 
State  University. 


has  increased  dramatically,  reaching 
an  estimated  $2. 1  billion  by  the  mid- 
1980's,  equivalent  to  public 
expenditures. 

Who  Benefits  from 
Agricultural  Research? 

The  question  of  who  benefits,  directly 
and  indirectly,  is  much  more  interest- 
ing and  complex. 

Farmers.  Since  farmers  lobby  for 
public  research  funds,  one  would 
suppose  they  are  major  beneficiaries. 
This  is  partly  true.  Technology  stem- 
ming from  research  has  greatly  re- 
duced farm  drudgery.  Labor-saving 
technology  makes  it  possible  for  one 
farmer  to  manage  a  large  enough  set 
of  resources  to  increase  family  in- 
comes. Technology  also  has  helped 
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farmers  cut  costs  and  reduce  losses 
from  insects,  disease,  and  spoilage. 

The  benefits  of  technology  to  pro- 
ducers are  not  distributed  evenly.  The 
initial  gainers  are  the  early  adopters, 
usually  the  most  progressive  farmers. 
As  adoption  continues  and  the  in- 
creased supplies  lead  prices  to  fall, 
the  nonadopters  are  forced  to  adopt 
new  technology  to  remain  competi- 
tive, or  they  quickly  become  marginal 
operators  and  may  drop  out  of 
farming. 

At  this  point  in  the  adoption  of 
most  new  technologies,  most  of  the 
benefits  have  been  passed  on  to  con- 
sumers as  lower  prices.  The  rapid  de- 
velopment and  adoption  of  new  agri- 
cultural technology,  especially  since 
World  War  II,  has  meant  relatively 
cheaper  food  and  fiber  for  the  con- 
sumer, and  the  disappearance  of 
thousands  of  smaller  farmers  who 
were  marginal  producers  unable  or 
unwilling  to  adopt  to  maintain  com- 
petitive costs  of  production  and  ade- 
quate family  incomes. 


Society  Major  Beneficiary. 

The  general  society  has  been  the  ma- 
jor beneficiary  of  agricultural  re- 
search. These  benefits  accrue  in  the 
forms  of  lower  food  and  clothing 
costs,  improved  standards  of  living, 
economic  growth,  improved  variety 
and  quality  of  foods,  and  improved 
competitiveness  of  U.S.  farm  products 
in  world  markets. 

The  decline  in  the  real  price  of  food 
has  been  dramatic.  Available  data  for 
the  period  1888  to  1891  indicate  that 
consumers  spent  an  average  of  about 
40  percent  of  their  income  for  food. 
From  1930  to  1960,  the  food  expendi- 
ture proportion  of  consumer  incomes 
ranged  from  20  to  24  percent.  In  the 
seventies,  the  proportion  of  total  dis- 
posable personal  income  spent  for 
food  dropped  to  a  range  of  16-17  per- 
cent. By  the  mideighties,  that  propor- 
tion for  the  average  family  had 
dropped  to  a  record  low  1 5  percent. 

Improved  standards  of  living  and 
economic  growth  result  from  re- 
search-generated technology  because 
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The  consumer  benefits  from  lower  food  prices  as  new  technologies  help  farmers  cut 
costs  and  reduce  losses. 
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a  declining  portion  of  our  Nation's  re- 
sources are  required  to  provide  basic 
food  and  fiber  needs.  The  excess  re- 
sources are  released  to  produce  other 
goods  and  services  that  we  associate 
with  a  rising  standard  of  living.  Their 
production  has  been  a  major  source 
of  economic  growth. 

Research  has  produced  more  sophis- 
ticated food  processing  methods  and 
systems  for  protecting,  preserving, 
and  delivering  our  food.  Today  be- 
tween 11,000  and  39,000  food  items 
are  available  to  consumers  in  typical 
supermarkets,  compared  with  only 
1,500  items  as  recendy  as  1941.  Fur- 
ther, these  food  items  have  likely 
never  been  safer  and  more  nutritious. 

Research  generates  improved  tech- 
nology which,  in  turn  improves  the 
productivity  (efficiency)  of  the  farm 
sector,  lowering  costs  and  improving 
the  competitive  position  of  U.S.  agri- 
cultural products  in  world  markets. 
The  standard  of  living  improves  for 
the  overall  society  as  the  United 
States  specializes  in  producing  and 
exporting  what  it  produces  relatively 
more  efficiently  and  imports  what 
others  produce  best.  Consumers  have 
access  to  more  goods  with  a  given 
income. 

Are  the  Benefits  Worth 
the  Costs? 

Since  the  1950's,  a  number  of  eco- 
nomic studies  have  measured  the 
benefits  of  agricultural  research  and 
extension  relative  to  the  costs.  The 
resulting  benefit/cost  ratios  vary 
greatly,  but  most  fall  in  the  range  of 
$30  to  $50  of  benefits  for  each  dollar 
spent.  None  of  the  studies  found  neg- 
ative benefits  from  research.  For 
these  studies,  benefits  were  defined 
as  those  benefits  accruing  as  higher 
incomes  to  producers  or  passed  on  to 
consumers  in  the  form  of  lower  food 


Adjustment  Costs.  The  costs  in- 


cluded in  these  studies  often  are  only 
the  direct  public  or  private  expendi- 
tures for  research.  The  costs  of  ad- 
justments required  by  technological 
change  are  generally  not  included. 
For  example,  the  technology  that  revo- 
lutionized food  production  and  mar- 
keting required  the  movement  of  mil- 
lions of  farm  families  and  thousands 
of  grocers  and  associated  people  to 
other  jobs.  In  the  majority  of  cases, 
the  new  jobs  were,  in  fact,  better  op- 
portunities, and  society  in  general 
was  greatly  benefited.  But  for  some 
the  changes  were  not  an  improve- 
ment. The  costs  of  progress  are  borne 
disproportionately  by  those  who  must 
make  the  personal  adjustments. 

Increased  Benefits  to  Con- 
sumers. The  consistently  high  re- 
turns from  agricultural  research  ar- 
gue for  greater  amounts  of  Federal 
and  State  funding  to  increase  benefits 
to  the  society  at  large.  One  reason 
this  has  not  happened  is  a  lack  of 
understanding  about  the  dispersion  of 


Shoppers  in  Manila  select  U.S.  produce. 
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benefits  from  agricultural  research 
and  the  general  perception  that  agri- 
cultural research  is  a  farmers'  program 
with  major  political  support  limited  to 
agricultural  commodity  producers. 

One  of  agriculture's  best  kept 
secrets  is  that  agricultural  research 
programs  that  lower  production  costs 
to  farmers  primarily  benefit  U.S.  con- 
sumers by  bringing  about  lower 
prices. 

New  technology  has  important  im- 
pacts on  the  price  and  cost  structure 
throughout  the  food  and  fiber  system. 
This  system  is  characterized  by  a 
large  number  of  firms  and  a  high  de- 
gree of  competition.  The  total  quan- 
tity of  food  and  fiber  that  will  be  used 
domestically  is  limited.  Therefore, 
new  technology  that  increases  output 
and  lowers  costs  causes  lower  con- 
sumer prices. 

Benefits  of  research  accrue  to  the 
total  society  provided  that  the  benefits 
are  not  captured  by  a  few  either  be- 
cause of  monopoly  control  of  the  re- 
search results  or  because  markets  are 
not  allowed  to  operate  to  effectively 
disseminate  the  benefits. 

Benefits  Higher  for  Low- 
Income  Families.  The  ratio  of  re- 
search benefits  to  taxes  paid  is  higher 
for  low-income  families  than  for  high- 
income  families  because  low-income 
families  tend  to  spend  a  higher  per- 
centage of  their  income  on  food  and  a 
lower  proportion  on  taxes. 

An  analysis  by  the  Congressional 
Office  of  Technology  Assessment 
showed  that  the  average  benefits  for 
families  with  incomes  more  than 
$20,000  were  nearly  twice  as  high 
($31  for  each  $1  invested  in  research) 
as  for  families  with  incomes  under 
$5,000  (16  to  1). 

But  if  the  taxes  paid  by  consumers 
to  support  agricultural  research  are 
apportioned  among  income  classes, 
the  ratio  of  benefits  to  tax  payments 
is  10  times  higher  for  the  lower  in- 
come group  (12.4)  than  for  the 


higher  income  group  (1.2).  The  re- 
sults of  this  analysis  indicate  that 
public  expenditures  for  agricultural 
research  tend  to  modify  existing  in- 
come distribution  in  favor  of  the 
lower  income  population. 

Why  is  Public 
Agricultural  Research 
Being  Questioned? 

Questions  are  being  raised  today  re- 
garding publicly  funded  agricultural 
research.  Some  reasons  cited  or  im- 
plied, by  both  friends  and  critics, 
include: 

•  Recognition  that  public  funds  are 
limited  relative  to  the  demands  for 
them.  In  times  of  tight  Federal  and 
State  budgets,  all  public  activities 
come  under  more  careful  scrutiny, 
and  research  is  no  exception. 

•  In  light  of  tight  budgets,  the  high 
benefit/cost  ratios  of  public  expend- 
itures on  research  which  seem  to 
beg  the  question  of  whether  given 
levels  of  expenditures  can  be  used 
even  more  effectively  by  improved 
research  management  and  target- 
ing activities  more  selectively. 

•  Also,  in  light  of  tight  budgets  and 
the  need  to  use  available  dollars 
more  effectively,  the  rapid  growth 
in  privately  funded  research  which 
has  raised  questions  about  the 
proper  balance  and  complementar- 
ity between  public  and  private  sec- 
tor research. 

•  Concern  from  farmers  that  more 
research  simply  means  larger  sur- 
pluses and  lower  prices.  In  fact, 
some  farmers  now  express  the  view 
that  research  works  against  them, 
and  that  farm  incomes  would  be 
higher  without  productivity- 
increasing  research.  Again,  this 
point  ignores  the  very  high  return 
to  the  larger  society  of  investing  in 
agricultural  research. 
Considerable  debate  has  centered 

on  the  issue  of  private  versus  public 
agricultural  research. 
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Maintaining  a  strong  agricultural  base  improves  the  U.S.  position  in  world  markets 
while  meeting  basic  food  and  fiber  needs. 


Distribution  of  Benefits.  Public 
policies  that  determine  how  the  bene- 
fits of  research  are  distributed  are 
critical.  There  has  to  be  the  right  bal- 
ance between  incentive  for  private  ini- 
tiative and  occurrence  of  public 
benefit. 

Patent  laws  and  plant  variety  pro- 
tection laws  are  examples  of  public 
policy  attempts  to  deal  with  that  deli- 
cate balance.  Little  incentive  exists 
for  private  investment  in  research  if 
there  is  no  way  to  capture  some  eco- 
nomic rent  from  that  investment. 

But  the  benefits  to  society  are  lost 
if  ultimately  the  information  gener- 
ated by  research  is  not  broadly  acces- 
sible and  if  the  competitive  forces  are 
not  at  work  to  assure  that  the  infor- 
mation gets  incorporated  into  prod- 
ucts and  services  that  improve  stand- 
ards of  living  and  quality  of  life. 

The  design  and  administration  of 
public  policies  to  assure  adequate 
incentives  to  private  research  and 
technology  development,  while  also 


assuming  that  these  investments  ulti- 
mately benefit  the  larger  society,  is  a 
delicate  balancing  act. 

Public  Research  Benefits.  The 

"internal  rate  of  discount"  for  private 
research  may  be  different  from  that 
designed  for  the  broader  long-term 
benefit  to  the  larger  society.  The  pub- 
lic can  invest  in  research  whose  ben- 
efits may  not  be  realized  in  the  time- 
frame necessary  for  private  invest- 
ment. Also,  the  public  can  invest  in 
research  where  the  benefit  risks  are 
higher.  The  latter  point  is  important 
to  generating  fundamental  knowledge 
(basic  research)  which  is  the  founda- 
tion of  applied  or  problem-solving  re- 
search and  development. 

The  results  of  public  research  are 
made  widely  available.  This  has  two 
benefits  in  addition  to  the  ones  men- 
tioned previously:  the  results  are 
available  to  other  researchers  for  fur- 
ther discovery  (major  surges  of  new 
technology  tend  to  be  the  synergistic 
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result  of  many  individual  research  ef- 
forts and  discoveries);  and  the  bene- 
fits of  research  are  prevented  from 
being  captured  for  the  prolonged 
profit  of  a  few  and  so  are  of  value  to 
the  larger  society. 

Public  research  also  accommodates 
"institution  building"  to  enhance  fu- 
ture scientific  capacity  by  training 
scientists  in  what  is  known,  enhanc- 
ing what  is  known,  preserving  the 
knowledge  base,  and  maintaining 
teaching  and  training  institutions. 

Research  Stiff  Important 

In  the  face  of  growing  concern  about 
excess  supplies  and  challenges  to 
publicly  funded  research,  there  are 
strong  arguments  in  support  of  Fed- 
eral and  State  Governments  continu- 
ing to  invest  in  maintaining  a  strong 
agricultural  science  and  technological 
capacity.  They  include: 
•  Maintaining  productivity  growth. 
Growth  in  productivity  and  efficient 
use  of  resources  are  the  primary 
means  of  improving  the  benefits  to 
society.  Increased  productivity  as- 


sures more  output  from  available 
land,  water,  and  other  resources.  If 
demand  is  not  growing  fast  enough 
to  absorb  productivity  gains,  re- 
sources can  be  transferred  from 
food  production  to  other  uses.  By 
using  fewer  resources,  costs  and 
the  proportion  of  society's  income 
required  to  meet  basic  food  and  ag- 
ricultural needs  will  be  lower. 
Improving  competitive  position  in 
world  markets.  The  competitive  po- 
sition of  U.S.  farm  products  in 
world  markets  is  influenced  by 
changes  in  the  productivity  of  U.S. 
agriculture  relative  to  other  sectors 
of  the  U.S.  economy  and  relative  to 
agriculture  in  other  countries. 
Coping  with  declining  supplies  and 
rising  costs  of  fixed-supply  re- 
sources. The  supplies  of  many 
resources  including  fertilizer,  min- 
erals, ore,  petroleum,  and  non- 
rechargeable  ground  water  pools, 
are  fixed.  Eventually,  agriculture 
must  adjust  to  the  loss  of  some  of 
these  resources  or  to  their  increas- 
ing costs  as  supplies  dwindle. 
Developing  renewable  raw  mate- 


Chemist  at  ARS's  Agricultural  Research  Center  studies  retention  of  nutrients  and 
storage  stability  of  processed  fruits  and  vegetables  to  increase  the  nutrient  value  of 
food  products. 
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Price  in 

Minutes  of  Work  of  Selected  Foods 

Food1 

Amount 

1930 

1950 

1970 

1980 

1985 

3ak 

Units 

1  lb. 

Minutes 

Round  ste 

48.4 

43.8 

28.8 

29.4 

23.0 

Potatoes 

10  1b. 

40.9 

23.3 

20.7 

22.1 

16.9 

Bacon 

1  lb. 

48.3 

29.8 

21.0 

15.5 

15.8 

Eggs 

1  doz. 

50.6 

28.3 

13.6 

8.9 

6.5 

Bread 

1  lb. 

9.8 

6.7 

5.4 

5.4 

4.5 

Butter 

1  lb. 

52.7 

34.1 

19.2 

20.0 

17.3 

Milk 

1  qt. 

16.0 

9.6 

7.3 

5.6 

4.6 

All  the  above 

1  ea. 

266.7 

175.6 

116.0 

106.9 

88.6 

'Price  of  food  relative  to  manufacturing  wage  rate  after  taxes  and  employee  social  security 
contributions. 


rials.  Another  side  to  the  depletion 
of  stock  resources  is  the  possibility 
of  developing  new  uses  for  agricul- 
ture's productive  capacity.  One 
prospect  is  using  agricultural  prod- 
ucts as  renewable  resources.  Bio- 
mass  fuels,  such  as  ethanol,  may 
eventually  become  more  economi- 
cal, and  industries  could  turn  to 
agriculture  for  other  renewable  raw 
materials.  Agriculture  could  be- 
come proportionally  less  of  a  food 
industry  and  more  a  supplier  of  in- 
dustrial raw  materials.  Such  devel- 
opments provide  new  opportunities 
for  farmers  and  a  way  for  the  world 
to  adapt  to  limited  supplies  of  some 
stock  resources.  Agricultural  re- 
search will  need  to  play  a  lead  role 
in  the  development  of  these  new 
products. 

Improving  the  quality  of  products 
and  processes.  With  food  and  fiber 
in  plentiful  supply  in  developed 
countries,  there  is  an  opportunity 
to  shift  the  focus  of  some  research 
to  the  quality  of  production,  includ- 
ing efficient  use  and  conservation 
of  resources.  Other  examples  in- 
clude increased  energy  efficiency; 
less  ecologically  damaging  technol- 
ogy; techniques  that  make  more  ef- 
ficient use  of  water,  mineral  nu- 
trients, and  other  limited  resources; 
and  foods  that  are  tastier,  more  nu- 


tritious, and  safer  for  human 
consumption. 

•  Meeting  the  food  needs  of  develop- 
ing countries.  Despite  excess  sup- 
plies in  most  developed  nations, 
many  countries  still  suffer  food 
shortages.  The  developed  world  has 
a  vested  interest  in  assisting  the 
developing  countries.  Stronger 
economies  for  many  of  these  na- 
tions, including  their  agricultural 
sectors,  could  improve  chances  for 
global  political  stability  and  provide 
greater  market  potential  for  the 
growing  agricultural  capacity  of  de- 
veloped countries. 

•  Maintaining  flexibility  to  deal  with 
an  uncertain  future.  Considerable 
uncertainty  surrounds  the  scenario 
of  plentiful  food  supplies,  especially 
beyond  the  next  decade  or  two. 
Unforeseen  natural,  economic,  or 
political  shocks  could  change  the 
outlook.  The  margin  for  error  is  in- 
deed slight  when  the  food  supply  of 
a  whole  region  of  the  world  can  be 
brought  into  question  by  something 
as  localized  as  a  nuclear  accident 
near  Kiev  in  the  U.S.S.R. 
Without  ongoing  investment  in  sci- 
ence and  education,  continued  pro- 
ductivity growth  cannot  be  assured. 
With  food  security,  it  is  preferable  to 
err  on  the  side  of  surplus  rather  than 
shortage. 
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Biotechnology  is  not  new.  In  its 
broadest  sense,  the  term  simply 
means  the  application  of  living  orga- 
nisms to  improve,  modify,  or  produce 
industrially  important  products  or 
processes.  Micro-organisms  have 
been  used  for  centuries  in  the  pro- 
duction of  foods,  beverages,  and  other 
fermented  substances.  In  the  past 
century,  they  have  been  used  to  pro- 
duce antibiotics,  enzymes,  and  amino 
acids.  And  genetic  engineering,  the 
biological  technique  which  includes 
artificial  selection  for  desired  traits  in 
plants  and  animals,  has  been  in  use 
in  agriculture  since  the  turn  of  the 
century.  Beginning  in  the  1950's,  re- 
search in  biotechnology  led  to  the  de- 
velopment of  techniques  such  as  arti- 
ficial insemination,  superovulation 
and  embryo  transplant  in  animals, 
and  hybridization  in  plants.  All  were 
valuable  contributions  to  the  advance 
of  agricultural  science. 

It  is  only  in  the  past  10  to  15  years, 
however,  that  the  discovery  of  tech- 
niques such  as  rDNA  (sometimes  re- 
ferred to  as  genetic  engineering)  and 
cell  fusion  have  provided  the  tools  to 
manipulate  organisms  at  the  molecu- 
lar and  cellular  level,  improving  the 
ability,  speed,  and  efficiency  of  pro- 
ducing desired  alterations  in  heredi- 
tary traits.  In  addition  to  helping  to 
answer  questions  about  basic  biologi- 
cal functions,  the  new  developments 
in  biotechnology  are  expected  to  in- 
crease productivity  of  plants  and  ani- 


mals significantly  and  to  lower  costs 
of  production. 

At  the  same  time,  biotechnology — 
and  particularly  genetic  engineer- 
ing— has  the  capacity  to  arouse  con- 
siderable tension  and  divergence  of 
viewpoints  on  issues  of  ethics,  health, 
and  environmental  safety.  Public  par- 
ticipation through  regulatory  efforts 
and  litigation,  as  well  as  less  visible 
involvement,  has  played  a  significant 
role  in  shaping  governmental  policies 
relating  to  research  in  biotechnology. 
This  article  discusses  the  causes  of 
some  of  the  public  concerns  sur- 
rounding biotechnological  research 
and  the  governmental  and  judicial  re- 
sponses to  the  causes  and  concerns. 


Public  Perception  of 

Biotechnological 

Research 

National  surveys  were  conducted  in 
the  early  1980's  with  the  objective  of 
ascertaining  the  public  perception  of 
biotechnology.  Cambridge  Reports, 
Inc.,  reported  the  following  results  of 
surveys  conducted  in  1982  and  1983: 

•  About  one-half  of  the  people  sur- 
veyed either  hadn't  heard  the 
phrase  genetic  engineering  or 
wouldn't  guess  what  it  meant. 

•  Of  those  who  had  heard  of  private 
corporations  getting  into  the  field 
of  genetic  engineering  or  biotech- 
nology (roughly  40  percent),  and 
who  were  willing  to  take  a  position 
as  to  whether  this  was  good  or  bad, 
positive  sentiments  outweighed 
negative  by  almost  two  to  one. 

•  Respondents  with  higher  income 
levels  and  higher  levels  of  educa- 
tion, were  more  likely  to  expect 
major  benefits  from  genetic  engi- 
neering than  those  with  lower  in- 
comes and  less  education. 

•  When  respondents  were  asked 
what  they  thought  of  when  the 
term  DNA  was  mentioned,  63  per- 
cent didn't  know;  2  percent  gave 
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an  accurate  definition;  and  2  per- 
cent said  it  was  "poison." 
Also  in  1982  and  1983,  Yankelov- 
ich,  Skelly,  and  White  surveyed  the 
general  public  with  regard  to  percep- 
tions about  genetic  engineering.  The 
results  showed  the  following: 

•  The  percentage  of  the  general  pub- 
lic believing  that  the  benefits  of  ge- 
netic engineering  outweigh  the 
risks  increased  from  31  percent  in 
1981  to  39  percent  in  1982. 

•  Sixty-two  percent  of  the  public 
were  very  or  somewhat  concerned 
about  genetic  engineering  in  1982. 
In  January  1986,  Cambridge  Re- 
ports, Inc.,  again  conducted  a  survey 
asking  whether  respondents  had 
heard  or  read  anything  about  rDNA 
or  genetic  engineering.  Fifty-one  per- 
cent of  those  surveyed  responded  that 
they  had  heard  or  read  something;  46 
percent  had  not  heard  or  read  any- 
thing; and  4  percent  were  not  sure. 
Of  those  who  had  heard  or  read 
something,  only  5  percent  were  very 
familiar  with  the  terms  and  19  per- 
cent were  somewhat  familiar.  Those 
respondents  who  had  heard  or  read 
something  about  rDNA  or  genetic  en- 
gineering were  asked  whether  they 
agreed  or  disagreed  with  the  follow- 
ing statement:  The  development  and 
use  of  genetically  altered  organisms 
create  a  potentially  serious  environ- 
mental and  public  health  threat  that 
outweighs  the  social  and  economic 
benefits  such  organisms  may  pro- 
duce. Forty-one  percent  of  the  re- 
spondents agreed  with  the  statement; 
34  percent  didn't  know;  and  25  per- 
cent disagreed. 

This  survey  data  suggests  several 
:hings:  1)  Real  public  concerns  about 
Diotechnological  research,  particularly 
n  the  area  of  genetics,  persist  today; 
i)  a  relatively  small  fraction  of  the 
American  public  is  fully  informed 
ibout  genetic  engineering  in  particu- 
ar,  and  about  biotechnology  in  gen- 
:ral;  3)  public  knowledge  of  biotech- 
lology  has  increased  little  since  the 


early  1980's;  and  4)  the  more  in- 
formed the  public,  the  more  likely  it 
is  to  view  genetic  engineering  favor- 
ably rather  than  unfavorably. 

Factors  Influencing 
Public  Perception 

Terminology.  While  the  public  is 
somewhat  better  informed  about  bio- 
technology than  it  was  a  decade  ago, 
there  still  exists  a  vast  comprehensi- 
bility  gap  between  laboratory  scien- 
tists and  the  average  U.S.  citizen. 
This  is  due,  in  part,  to  the  complex 
and  technical  nature  of  the  subject  it- 
self. But  it  also  may  be  attributed  to 
the  use  of  imprecise  terminology  by 
scientists  and  research  administrators 
when  addressing  the  public  on  issues 
about  biotechnology  and  science  in 
general. 

It  is  important  for  scientists  and 
technicians  to  understand  that  certain 
words  or  phrases  they  use  every  day 
may  have  certain  science  fiction-like 
connotations  for  the  average  person. 
After  all,  it  has  not  been  such  a  long 
time  since  the  idea  of  cloning  was 
considered  by  the  average  American 
to  exist  only  in  the  imaginations  of 
science  fiction  writers  and  movie  pro- 
ducers. For  them,  the  cloning  of 
genes,  a  basic  technique  of  rDNA 
technology,  can  be  confused  with  the 
cloning  of  individual  human  beings. 
Because  language  influences  percep- 
tion, the  problems  caused  by  multiple 
connotations  attached  to  terms  used 
by  scientists  are  significant. 

News  Media.  The  news  media 
have  consistently  and  enthusiastically 
reported  developments  in  biotechnol- 
ogy— often  with  front  page  stories. 
One  positive  result  is  that  the  public 
has  become  increasingly  aware  of  ac- 
tivity in  this  area.  But  journalists, 
however  objective,  must  be  selective 
in  deciding  which  stories  are  reported 
and  in  determining  which  facts  are 
newsworthy.  News  reports  that 
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emerge  from  this  editing  process  nec- 
essarily present  only  part  of  the  pic- 
ture. In  addition,  the  need  to  generate 
interest  in  reading  the  story  or  watch- 
ing the  newscast  may,  to  some  de- 
gree, override  the  journalist's  con- 
comitant dedication  to  objectivity  and 
comprehensive  reporting.  Conse- 
quendy,  the  general  public's  under- 
standing of  the  phenomena  described 
in  these  reports  may  be  somewhat 
limited. 


Religion  and  EffllCS.  Finally,  re- 
ligion and  ethics  play  an  important 
role  in  determining  the  acceptability 
of  biotechnology  by  the  public.  This  is 
true  particularly  when  genetic  engi- 
neering of  higher  life  forms  such  as 
animals  is  at  issue  and,  to  a  much 
larger  degree,  when  the  question  of 
manipulation  of  human  genes  is 
involved. 

One  reason  that  the  technology  has 
aroused  such  strong  emotions  in  this 
area  is  that  the  capability  to  alter  the 
hereditary  material  of  animals  and 
human  beings  implies  a  responsibility 
which,  it  is  argued,  was  heretofore 
entrusted  to  someone  with  greater  re- 
liability than  human  beings.  This  is- 
sue, of  course,  could  be  discussed 
without  end;  here,  however,  only  a 
few  comments  are  offered. 

First,  there  are  inherent  difficulties 
in  distinguishing  between  that  basic 
research  in  genetic  engineering  con- 
ducted for  future  application  to  ani- 
mals and  that  for  application  to  hu- 
mans. Because  genetics  is  basic  to  all 
living  organisms,  techniques  applica- 
ble to  lower  forms  of  life  are  theoreti- 
cally applicable  to  higher  forms  as 
well,  including  human  beings.  For 
example,  in  vitro  (outside  the  body) 
fertilization  and  embryo  transplants 
were  used  and  perfected  in  farm  ani- 
mals long  before  application  to  solve 
the  reproductive  problems  of  humans. 
Basic  techniques,  such  as  gene  isola- 
tion, provide  the  basis  for  genetic  re- 


search both  in  animals  and  human 
beings. 

Likewise,  it  is  not  always  possible 
to  distinguish  between  research 
aimed  at  productivity  and  research  for 
health  and  medical  purposes.  The 
same  techniques  which  allow  genetic 
transfer  for  the  purpose  of  selecting 
for  desired  traits  such  as  high  milk 
production,  rapid  growth,  and  low  fat 
content  in  animals  have  led  to  such 
discoveries  as  vaccines  for  foot-and- 
mouth  disease  in  livestock  and  cocci- 
diosis  in  chickens.  And  these  tech- 
niques are  crucial  parts  of  the  effort 
to  understand  the  genetic  bases  for 
such  human  diseases  as  cancer,  Tay- 
sachs,  and  sickle-cell  anemia.  Conse- 
quently, an  overlap  in  productivity 
and  disease  research  at  the  laboratory 
level  causes  great  difficulty  in  any  ar- 
gument that  fundamental  human  val- 
ues would  allow  such  research  in 
lower  animals  but  not  in  human 
beings  and  for  medical  or  health  pur- 
poses but  not  for  productivity. 

This  does  not  imply  that  it  is  not 
possible  to  distinguish  between  lower 
life  forms  and  humans  in  the  applica- 
tion of  research  findings.  Distinctions 
and  decisions  regarding  application 
can  and  must  be  made  if  biotechnol- 
ogy is  to  be  harnessed  to  the  needs  of 
society.  RDNA  technology  may  hold 
the  key  to  finding  cures  for  cancer, 
leukemia,  and  a  number  of  other  dis- 
eases thought  to  be  inheritable.  The 
ability  to  implant  specific  genes  di- 
rectly into  germ  cells  and  to  stably  in- 
tegrate them  into  the  chromosomes 
so  that  they  are  expressed  in  future 
generations  creates  boundless  possi- 
bilities for  treating  genetic  diseases 
once  the  genes  responsible  for  their 
occurrence  are  isolated.  Few  people, 
regardless  of  their  feelings  about  the 
use  of  genetic  engineering  to  create 
more  productive  plants  and  animals, 
for  example,  would  argue  that  genetic 
engineering  should  not  be  used  to 
find  cures  for  life-threatening  dis- 
eases affecting  animals  and  humans. 
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There  is,  nonetheless,  a  fear  ex- 
pressed by  some  that  our  society's 
technological  capabilities  have  moved 
"out  of  phase  with  our  capacity  to 
understand  and  direct  their  develop- 
ment, to  humanize  and  contain  their 
impact,  and  to  integrate  their  evolu- 
tion with  our  cultural  and  social  val- 
ues."1 It  must  be  recognized,  how- 
ever, that  the  capability  to  change 
things  is,  in  fact,  an  inextricable  part 
of  evolution.  If  society  abdicates  its 
responsibility  to  make  reasoned  deci- 
sions about  research  which  should  be 
conducted  and  applications  which 
should  be  made  because  of  a  lack  of 
understanding  of  the  science,  then 
the  fear  will  become  a  self-fulfilling 
prophecy.  To  prevent  that,  it  is  essen- 
tial that  there  be  a  continuing  dia- 
logue between  scientists  and  the  pub- 
lic so  that  the  public  may  be  as 
educated  and  informed  as  possible 
about  technological  developments, 
and  scientists  may  understand  the 
ethical  and  social  concerns  of  the 
public. 

The  imperative  for  the  public  to 
take  responsibility  for  technology  and 
its  progress  has  been  recognized  by 
religious  leaders  and  theologians. 
Robert  T.  Francoueur  has  written: 

It  is  obvious  we  do  not,  and  never 
will,  have  all  the  foresight  and 
prudence  we  need  for  our  task.  But 
I  am  also  convinced  that  a  good 
deal  of  the  wisdom  we  lack  could 
have  been  in  our  hands  if  we  had 
taken  seriously  our  human  vocation 
as  transcendent  creatures,  crea- 
tures oriented  toward  the  future 
(here  and  hereafter),  a  future  in 
which  we  are  co-creators.2 

While  religion  and  ethics  will  al- 
ways play  an  important  part  in  the 
public's  perception  of  the  permissibil- 
ity of  genetic  manipulation  of  life 
forms,  neither  can  be  relied  upon  cat- 
egorically to  abdicate  the  responsibil- 
ity for  making  decisions  in  this  im- 
portant area. 


Public  Involvement 

Peer  Concern.  Somewhat  ironi- 
cally, given  the  opinion  expressed  by 
many  that  scientists  should  not  regu- 
late their  own  efforts  in  biotechnolog- 
ical  research,  it  was  the  scientists 
themselves  who  actually  expressed 
initial  concern  about  genetic  engi- 
neering. In  1970,  when  Stanford  sci- 
entist Dr.  Paul  Berg  first  began  to  at- 
tempt to  insert  DNA  from  a  tumor 
virus  into  a  common  bacterial  virus,  a 
number  of  his  colleagues  raised  ques- 
tions about  the  wisdom  of  carrying 
out  such  experiments.  They  were 
concerned  that  the  bacteria  carrying 
the  virus  might  pose  a  health  hazard 
for  laboratory  workers  or  that,  in  a 
worst-case  scenario,  the  bacteria 
might  escape  into  the  general 
environment. 

Dr.  Berg  decided  to  defer  his  exper- 
iment, but  as  others  continued  and 
rDNA  techniques  became  more  re- 
fined and  application  more  imminent, 
debates  about  safety  increased.  The 
debates  ultimately  culminated  in  the 
landmark  conference  at  Asilomar, 
California,  in  February  1975,  where  a 
number  of  prominent  international 
scientists  convened  to  discuss  the 
risks  involved  in  this  newly  emerging 
technology.  This  meeting  followed  a 
letter  which  the  scientists  had  written 
to  the  National  Institutes  of  Health 
(NIH)  calling  for  a  voluntary  morato- 
rium on  all  rDNA  research  until  an 
assessment  of  the  risks  could  be  con- 
ducted. At  the  Asilomar  Conference, 
however,  the  group  decided  that  the 
moratorium  should  not  continue  for 
most  work  in  rDNA  if  appropriate 
safeguards  in  the  form  of  physical 
and  biological  containment  were  es- 
tablished and  followed. 

At  the  same  time,  NIH  made  ef- 
forts to  set  up  an  advisory  committee 
and  to  establish  guidelines  such  as 
those  called  for  at  Asilomar.  In  Octo- 
ber 1974,  the  Director  of  NIH,  with 
the  authority  of  the  Secretary  of 
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Health,  Education,  and  Welfare  (now 
Health  and  Human  Services),  estab- 
lished the  rDNA  Molecule  Program 
Advisory  Committee.  It  was  later  re- 
named the  rDNA  Advisory  Committee 
and  commonly  referred  to  as  the 
RAC. 

rDNA  Guidelines.  At  this  point  in 
the  development  of  decisionmaking 
mechanisms  for  rDNA  research,  it 
can  truly  be  said  the  public  became 
involved  in  a  significant  way.  The  is- 
sue of  public  participation  on  the 
RAC  was  first  raised  in  1975,  when 
NIH  made  an  effort  to  recruit  non- 
scientists.  Two  nonscientists  became 
members  of  the  Committee  in  that 
year. 

In  February  1976,  NIH  held  public 
hearings  on  proposed  guidelines  for 
rDNA  research.  The  hearings  lasted  2 
days  and  were  attended  by  scientists, 
physicians,  lawyers,  philosophers, 
public  interest  advocates,  and  other 
interested  individuals.  On  January  23, 
1976,  the  Guidelines  for  Research  In- 
volving rDNA  Molecules  were  pub- 
lished. The  Guidelines  were  manda- 
tory for  institutions  and  individuals 
receiving  funding  from  NIH  for 
rDNA  research,  but  did  not  apply  to 
private  research.  Soon  after  the  publi- 
cation of  the  Guidelines,  all  other 
Federal  agencies  funding  rDNA  re- 
search, including  the  U.S.  Depart- 
ment of  Agriculture  (USDA),  adopted 
the  Guidelines  as  mandatory  for  re- 
search funded  by  their  agencies.  The 
Guidelines  contained  safety  standards 
to  be  followed  by  researchers  with  re- 
gard to  physical  and  biological  con- 
tainment. 

The  first  official  provision  for  public 
representation  on  the  RAC  came  in 
September  1976,  when  the  RAC 
charter  was  amended,  increasing  its 
membership  from  16  to  20  mem- 
bers— 4  of  whom  were  to  be  "from 
other  disciplines  or  representatives  of 
the  general  public."  The  new  Guide- 
lines, published  in  December  1978, 


following  public  comment  and  hear- 
ings, contained  several  significant 
provisions  for  public  participation  in 
the  decisionmaking  process.  The  pro- 
visions are  retained  in  the  current 
version  which  appears  at  49  Federal 
Register  46,266  (1984),  as  amended 
by  50  Federal  Register  9,760  (1985). 

First,  20  percent  of  the  member- 
ship of  the  Institutional  Biosafety 
Committees  (IBC),  the  committees 
responsible  at  the  research  institution 
level  for  approving  experiments  and 
assuring  compliance  with  the  Guide- 
lines, must  come  from  the  general 
public  and  may  not  be  attached  to  the 
research  institution.  Second,  most 
IBC  records  about  approval  of  experi- 
ments and  compliance  with  the 
Guidelines  must  be  made  available  to 
the  public  on  request.  Third,  major 
actions  to  approve  experiments  other- 
wise prohibited  by  the  Guidelines 
have  to  be  announced  by  publication 
in  the  Federal  Register,  followed  by  a 
period  for  public  comment. 

Finally,  the  new  Guidelines  pro- 
vided for  an  important  change  in  the 
composition  of  the  RAC.  Membership 
was  increased  from  16  to  25  per- 
sons— 8  of  whom  must  be  molecular 
biologists  and  6  of  whom  must  be 
from  other  fields  of  science.  At  least 
six  of  the  remaining  are  required  to 
be  drawn  from  the  combined  fields  of 
law,  public  policy,  environment,  and 
public  or  occupational  health. 

The  stated  purpose  of  these  amend- 
ments was  to  "provide  the  opportunity 
for  those  concerned  to  raise  any  ethi- 
cal issues  posed  by  recombinant  DNA 
research."  From  all  apparent  evi- 
dence, the  public  has  been  satisfied 
with  the  role  it  has  been  encouraged 
to  play  in  the  decisionmaking  process. 
During  the  time  that  the  RAC  has 
been  in  existence,  meetings  have 
been  well  attended.  Publication  in  the 
Federal  Register  of  case-by-case  ap- 
proval of  experiments  has  generated 
moderate  public  response.  Initial  fears 
of  potential  hazards  of  rDNA  research 
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has  dissipated  at  least  to  the  extent 
that  research  which  adheres  to  the 
NIH  Guidelines  for  physical  and  bio- 
logical containment  no  longer  gives 
rise  to  serious  public  concern.  The 
few  exceptions  are  discussed  later 
with  regard  to  litigation  of  health  and 
safety  issues. 

Risk  Assessment.  While  the  in- 
tensity of  public  concern  is  low  at 
present,  it  is  possible  that,  as  research 
emerges  from  the  laboratory  and 
greenhouse  and  is  applied  in  the  en- 
vironment, the  level  of  public  interest 
will  rise  again.  Industrial  applicatiion 
of  important  agricultural  inventions 
will  be  preceded,  in  most  cases,  by 
field  tests.  For  example,  deliberate  re- 
leases of  genetically  engineered  orga- 
nisms may  be  engendered  by  the  cre- 
ation of  new  plant  varieties  which  are 
resistant  to  pests  and  climatic  ex- 
tremes. Although  the  field  tests  will 
be  quite  different,  the  same  is  true  for 
genetically  altered  animals.  The  ex- 
tent to  which  an  increase  in  public 
interest  occurs  because  of  these  ap- 
plications will  depend,  in  large  part, 
on  the  public's  perception  of  the  ade- 
quacy of  measures  taken  by  industry 
and  the  government  to  protect  against 
adverse  effects  to  the  public  health 
and  environment. 

Under  the  NIH  Guidelines,  the 
RAC  must  review  for  approval  delib- 
erate release  experiments  on  a  case- 
by-case  basis.  Such  review  is  neces- 
sary because,  in  each  case,  the  risk  is 
necessarily  dependent  upon  the  spe- 
cific organism  to  be  released,  the 
source  of  DNA,  the  host-vector  sys- 
tem, containment  requirements,  and 
the  environmental  site  conditions  to 
which  the  organism  will  be  applied. 

The  task  of  risk  assessment  is  not  a 
simple  one.  Estimating  the  probability 
that  an  organism  released  into  the 
environment  will  adversely  affect  that 
environment  is  quite  different  from 
estimating  the  probability  that  an  or- 
ganism will  escape  from  a  laboratory. 


In  the  latter  case,  NIH  Guidelines 
have  set  out  specific  containment  lev- 
els for  categories  of  organisms,  based 
on  the  known  potential  for  multiplica- 
tion, infection,  and  movement.  In  the 
former,  risk  assessment  requires  the 
application  of  ecological  principles  of 
dispersal  and  persistence  which  many 
argue  are  not  adequately  developed  at 
present. 

Predictive  capabilities  are,  however, 
becoming  more  sophisticated.  For  ex- 
ample, scientists  in  Scotland  have 
just  announced  the  approval  of  a  field 
test  in  which  a  genetically  engineered 
virus,  known  to  infect  the  Pine 
Beauty  moth,  which  has  been  devas- 
tating Scotland's  forests,  will  be  re- 
leased into  the  environment.  The  vi- 
rus has  been  engineered  to  include 
genetic  material  traceable  by  gene 
probe,  with  the  result  that  the  virus 
can  be  identified  and  its  persistence 
and  movement  monitored. 

As  predictive  capabilities  are  im- 
proved and  stabilized  by  ecological  re- 
search such  as  the  experiment  in 
Scotland,  it  should  be  possible  to  de- 
velop models  generally  applicable  to 
categories  of  organisms  to  be  field 
tested.  When  models  are  available,  it 
will  be  possible  to  determine  risk  by 
the  classification  of  the  organism  in 
much  the  same  way  that  laboratory 
research  is  assessed  today.  In  the  in- 
terim, approval  for  field  tests  will 
have  to  be  given  on  a  case-by-case 
basis  after  careful  consideration  of  all 
known  and  foreseeable  risks. 

Even  with  the  capability  of  measur- 
ing risks  apparent  today,  in  the  final 
analysis,  not  all  consequences  which 
may  flow  from  the  application  of  ge- 
netically engineered  organisms  can 
be  foreseen.  There  is  the  anomalous 
result  that  a  cost  benefit  analysis 
must  be  made  without  the  benefit  of 
knowing  all  the  possible  costs. 

Some  argue  that  genetic  research 
should  proceed  at  any  cost  and  others 
say  that  it  should  not  proceed  unless 
the  risk  of  adverse  consequences  is 
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nonexistent.  Neither  extreme  is  likely 
to  gain  acceptance  by  the  majority  of 
the  public.  But  past  experience  does 
indicate  that  the  public  will  accept 
reasoned  application  of  the  scientific 
knowledge  available  to  approve  re- 
leases on  a  case-by-case  basis  by  per- 
sons competent  to  make  such  assess- 
ments, as  long  as  public  information 
and  opportunity  for  public  participa- 
tion is  sufficient. 

NIH's  Role  in  Regulation 

NIH  Guidelines  expressly  are  not  reg- 
ulations; they  are  mandatory  only  for 
government-funded  research.  The 
Guidelines,  however,  provide  for  vol- 
untary registration  of  projects  by  pri- 
vate industry;  registering  companies 
agree  to  abide  by  the  Guidelines'  con- 
tainment standards.  The  majority  of 
all  privately  conducted  rDNA  re- 
search today  is,  in  fact,  registered 
with  NIH. 

Several  Federal  Government  agen- 
cies have  used  their  regulatory  au- 
thorities to  require  compliance  by  pri- 
vate industry.  For  example,  USDA 
requires  compliance  with  the  Guide- 
lines as  a  condition  of  obtaining  a  li- 
cense for  veterinary  biological  prod- 
ucts derived  from  rDNA  technology. 
The  Food  and  Drug  Administratiion 
(FDA)  has  a  similar  requirement  for 
products  it  regulates.  So,  while  the 
agency  cannot  directly  prohibit  or 
regulate  the  research,  it  can  theoreti- 
cally prohibit  entry  of  the  genetically 
engineered  product  into  the  market. 

During  the  late  1970's,  several  at- 
tempts were  made  to  enact  legislation 
which  would  give  the  RAC  the  au- 
thority to  regulate  all  private  research 
in  rDNA,  as  well  as  government- 
funded  research.  Momentum  dissi- 
pated when  scientists  called  to  testify 
before  Congressional  committees  re- 
ported that,  after  risk  assessment 
based  on  experimental  work,  the 
techniques  of  genetic  engineering  did 
not  substantially  increase  the  risks  to 


human  health  and  the  environment 
caused  by  the  use  of  infectious  agents 
in  research. 

The  consensus  which  emerged  in 
the  scientific  community  and  which 
exists  today  is  that,  in  any  contained 
research,  it  is  not  the  technique  of 
rDNA  or  genetic  engineering  which 
determines  risk,  but  rather  the  infec- 
tious capacity  of  the  organism  or  or- 
ganisms. So  NIH  Guidelines,  which 
establish  containment  levels  based  on 
the  characteristics  of  the  organism  to 
be  used  as  a  source  of  DNA  or  in  the 
host-carrier  system,  are  deemed  ade- 
quate to  prevent  adverse  conse- 
quences to  the  public  health  and 
environment. 

Contained  Research.  The 

Guidelines  distinguish  between  con- 
tained research  conducted  in  a  labo- 
ratory and  research  involving  the 
release  of  organisms  into  the  en- 
vironment such  as  the  field  testing  of 
a  micro-organism  or  plant.  For  con- 
tained research,  the  Guidelines  spec- 
ify requirements  for  physical  and  bio- 
logical containment  commensurate 
with  the  level  of  risk  because  of  the 
source  of  the  DNA  and  the  pathogen- 
icity of  the  host-carrier  system.  The 
level  of  risk  also  determines  the  no- 
tice and  approval  procedures. 

At  the  highest  risk  level,  the  appro- 
priate IBC  assesses  the  risk,  approves 
containment  standards,  and  submits 
the  research  proposal  to  NIH  for  ap- 
proval. In  an  intermediate  area  speci- 
fied by  the  Guidelines,  IBC  approval 
is  sufficient.  This  is  generally  true 
where  the  experiments  are  covered  by 
containment  levels  specified  in  the 
Guidelines.  Other  experiments  with 
rDNA  that  are  considered  to  pose 
minimal  risk  may  proceed  upon  noti- 
fication of  the  IBC  or  are  exempt. 

IBC's  are  responsible  for  ensuring 
that  the  research  is  carried  out  in 
conformity  with  the  provisions  of  the 
Guidelines  and  approved  procedures. 
After  approval,  NIH  does  not  become 
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involved  unless  a  specific  issue  is 
raised  with  respect  to  compliance.  Al- 
though some  agencies  require  that 
firms  comply  with  the  Guidelines  as  a 
condition  precedent  to  the  grant  of  li- 
censes, no  regulation  by  any  Federal 
agency  other  than  NIH  covers  basic, 
laboratory-contained  research. 

Deliberate  Release  Experi- 
ments. The  Guidelines  as  originally 
issued  prohibited  the  deliberate  re- 
lease of  genetically  engineered  orga- 
nisms into  the  environment.  The 
1978  revision  kept  that  prohibition, 
although  such  release  may  be  ap- 
proved on  a  case-by-case  basis  by  the 
entire  RAC  and  NIH  on  a  finding  of 
"no  significant  risk  to  health  or  to  the 
environment."  Certain  plants  also 
may  be  released  after  review  by  the 
RAC  Plant  Working  Group  and  the 
IBC.  Experiments  requiring  NIH  ap- 
proval because  they  involve  deliberate 
release  may,  as  well,  be  reviewed  by 
the  Federal  agency  advisory  commit- 
tees with  expertise  in  that  particular 
science.  For  example,  USDA's  Re- 
combinant DNA  Advisory  Committee 
reviews  all  research  proposals  submit- 
ted to  NIH  about  whole  plants  or 
other  organisms  to  be  applied  in 
agriculture. 

Although  several  deliberate  releases 
have  been  approved,  none  have  pro- 
ceeded to  field  testing.  One  such  ap- 
proval for  field  testing,  ice  nucleation 
bacteria,  is  the  subject  of  protracted 
litigation. 

Other  Regulators  of 
Deliberate  Releases 

In  discussing  regulatory  authorities  in 
the  context  of  deliberate  release  ex- 
periments, it  is  important  to  distin- 
guish between  the  regulation  of  re- 
search and  the  regulation  of  the 
products  of  biotechnology.  NIH  has 
no  jurisdiction  over  the  regulation  of 
the  products  of  biotechnology.  Other 
Federal  Government  agencies,  such 


as  the  Environmental  Protection 
Agency  (EPA),  FDA,  and  USDA  oper- 
ate in  this  sphere.  Jurisdictional  prob- 
lems have  arisen  with  regard  to  the 
oversight  and  approval  of  research  ac- 
tivities such  as  field  tests  which  occur 
somewhere  between  contained  re- 
search and  approval  of  products  for 
marketing. 

Because  of  the  increasing  number 
of  applications  for  field  testing  and 
the  diverse  organisms  and  purposes 
for  which  the  organisms  are  devel- 
oped, the  question  has  arisen  whether 
NIH  should  continue  to  have  exclu- 
sive responsibility  for  approving  all 
deliberate  releases  involving  rDNA. 
Indeed,  NIH  itself  has  announced  its 
intent  to  defer  to  the  expertise  of 
other  agencies  in  those  instances 
where  other  agencies  assert  oversight 
authority  and  NIH  determines  that 
review  by  the  agencies  will  serve  the 
same  purpose  as  review  by  NIH.  50 
Federal  Register  48,344;  48,349  (Nov. 
22,  1985).  This  gives  rise  to  further 
questions  as  to  which  agencies  have 
authority  to  regulate  specific  research 
applications  and  whether  one  agency 
or  reviewing  body  responsible  for  all 
biotechnological  research  is  needed. 
The  debate  began  in  1983  when 
EPA  stated  its  intention  to  regulate 
biotechnology  under  the  Toxic  Sub- 
stances Control  Act  (TOSCA).  EPA 
based  its  claims  to  regulate  deliberate 
releases  on  its  authority  under  Sec- 
tion 5(a)(1)(A)  to  require  premanu- 
facture  notice  (PMN)  for  "new  chem- 
ical substances."  TOSCA  defines 
"chemical  substances"  as  follows: 
"any  organic  or  inorganic  substance 
of  a  particular  molecular  identity  in- 
cluding .  .  .  any  combination  of  such 
substances  .  .  .  occurring  in  na- 
ture .  .  ."  It  is  not  clear  whether  ge- 
netically engineered  organisms  fall 
within  the  definition  of  "chemical 
substances"  contained  in  TOSCA,  but 
it  is  arguable  that  they  do  not.  More- 
over, laboratory  and  "small  quantities" 
of  research  and  development  are  ex- 
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empt  from  PMN.  "Small  quantities" 
as  denned  by  EPA  regulation  would 
exempt  most  field  testing. 

Under  the  Federal  Insecticide, 
Fungicide,  and  Rodenticide  Act 
(FIFRA),  EPA  also  has  claimed  juris- 
diction over  basic  research  in  the  area 
of  pesticides  by  requiring  notification 
before  small-scale  field  testing  of  ge- 
netically engineered  microbial  pesti- 
cides. 49  Federal  Register  40,659 
(Oct.  17,  1984).  In  addition,  it  has 
begun  reviewing  proposals  to  field 
test  genetically  engineered  pesticides. 

An  experimental  use  permit  has 
been  issued  to  Advanced  Genetic  Sci- 
ences, Inc.,  to  field  test  a  frost  resist- 
ance bacteria.  Monsanto  has  submit- 
ted a  request  for  a  permit  to  test  an 
insect-killing  microbe,  as  has  the 
University  of  California  for  field  test- 
ing the  ice  nucleation  bacteria  men- 
tioned. USDA,  however,  has  responsi- 
bility for  higher  plants  and  animals 
that  are  considered  pesticides.  40 
CFR  162.5(c)(4).  For  example,  a 
plant  which  has  been  modified  to  pro- 
duce its  own  pesticide  would  presum- 
ably fall  within  USDA's  jurisdiction. 

These  instances  are  merely  a  sam- 
ple of  the  myriad  of  definitional  and 
jurisdictional  problems  that  have 
arisen  as  biotechnological  research 
has  approached  commercialization. 
Acknowledging  that  some  sort  of  co- 
ordination among  the  four  principal 
agencies  (EPA,  USDA,  FDA,  NIH) 
may  be  essential  if  the  Federal  Gov- 
ernment's oversight  efforts  are  to 
keep  pace  with  developments  in  bio- 
technology, President  Reagan  estab- 
lished an  interagency  working  group 
under  the  White  House  Cabinet 
Council  on  Natural  Resources  and 
Environment.  This  interagency  group 
was  to  study  the  situation  and  to  co- 
ordinate the  efforts  of  the  agencies  to 
establish  biotechnology  regulations  or 
protocols. 

On  November  14,  1985,  the  first 
plan  of  the  Cabinet  Council  Working 
Group  on  Biotechnology  was  pub- 


The  NIH  guidelines  prescribe  safety 
standards  for  DNA  research. 


lished.  The  plan  called  for  a  two-tier 
review  of  biotechnology  proposals. 
The  first  review  would  be  conducted 
by  the  agency-level  science  advisory 
committee  (for  example,  USDA's  Re- 
combinant DNA  Advisory  Committee) 
and  the  second  review  by  a  Biotech- 
nology Science  Board  (BSB).  After  re- 
ceiving comments  from  the  public, 
the  Working  Group  revised  the  plan 
by  replacing  the  BSB  with  the  Bio- 
technology Science  Coordinating 
Committee  (BSCC).  (50  Federal  Reg- 
ister 47,174,  1985).  The  BSCC  is  not 
recommended  to  review  proposals  ap- 
proved by  the  agency  advisory  com- 
mittees but  will  coordinate  the  regu- 
latory efforts  of  the  agencies. 
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In  the  1984  notice,  the  Working 
Group  also  published  a  matrix  of  the 
regulatory  laws  with  potential  applica- 
bility to  biotechnology.  EPA,  FDA, 
and  USDA  issued  statements  setting 
forth  their  views  with  regard  to  their 
authorities  to  provide  oversight  of  bio- 
technology. Since  then,  the  Working 
Group  has  continued  to  assist  them  to 
formulate  a  clear  and  uniform  policy 
with  respect  to  the  regulation  of  bio- 
technology, including  research. 

The  final  policy  formulation  has  not 
been  released,  but  is  expected  to  be 
published  shortly.  It  is  not  anticipated 
that  legislation  creating  any  new  reg- 
ulatory authorities  will  be  recom- 
mended. Rather,  it  is  likely  that  the 
agencies  with  regulatory  authorities 
over  products  will  be  responsible  for 
approving  experimental  releases  of 
genetically  engineered  organisms  in 
their  respective  product  areas.  Where 
jurisdictional  overlaps  exist,  it  is  de- 
sirable and  probable  that  the  affected 
agencies  will  agree  upon  one  agency 
that  will  exercise  oversight  authority. 
This  may  be  done  by  implementing 
memoranda  of  understanding,  such 
as  the  memorandum  between  USDA 
and  FDA  regarding  responsibility  for 
regulating  animal  biologic  products  as 
biologies  under  the  Virus,  Serum  and 
Toxin  Act  or  as  drugs  under  the 
Food,  Drug  and  Cosmetics  Act. 

Costs  of  Delay  in 
Regulatory  Approval 

Even  where  jurisdictional  disputes 
can  be  avoided,  the  Federal  agencies 
are  dealing  with  products  created  by 
new  technologies  in  which  they  may 
have  minimal  expertise.  Delay  and 
uncertainty  of  response  can  have  a 
tremendous  impact  on  the  viability  of 
biotech  firms,  particularly  the  small 
emerging  companies  that  require  a 
much  faster  return  on  their  invest- 
ments to  remain  in  business.  Industry 
representatives  believe  that  the  un- 
certainty over  future  oversight  of  de- 


liberate releases  and  other  health  and 
safety  issues  related  to  the  testing  of 
new  biotechnological  products  greatly 
influence  investment  in  biotech- 
nology. 

It  also  has  been  pointed  out  that 
delays  in  regulatory  approval  for  field 
testing  of  recombinant  DNA  products 
could  lead  to  the  relocation  of  firms  to 
other  countries  that  may  not  have 
controls  or  may  be  further  advanced 
in  establishment  of  testing  and  other 
regulatory  protocols.  Industry  has 
warned  that  excessive  or  onerous  reg- 
ulations, such  as  the  regulation  by 
more  than  one  agency,  could  lead  to 
relocation  abroad. 

The  ability  of  the  Federal  Govern- 
ment to  respond  in  an  expeditious 
and  effective  manner  to  the  need  for 
certainty  in  the  oversight  and  regula- 
tion of  research  in  biotechnology  will 
play  an  important  role  in  the  develop- 
ment of  this  country's  biotechnology 
industry. 

Bole  of  the  Courts 

National  Environmental  Pol- 
icy Act.  Perhaps  of  even  greater 
significance  than  regulation  to  the 
development  of  biotechnology  is  the 
threat  of  litigation.  Court  cases  filed 
under  the  National  Environmental 
Policy  Act  (NEPA)  in  the  last  few 
years  illustrate  the  importance  of  risk 
assessment  to  the  public's  perception 
of  the  safety  of  research  in  biotech- 
nology. 

NEPA  requires  Federal  agencies  to 
prepare  environmental  impact  state- 
ments for  "every  recommendation  or 
report  on  proposals  for  legislation  and 
other  major  Federal  actions  signifi- 
cantly affecting  the  quality  of  the  hu- 
man environment."  42  U.S.C.  4332 
(2)(c).  Since  NEPA  applies  solely  to 
Federal  agencies,  private  industry  is 
affected  only  insofar  as  it  may  be  the 
recipient  of  Federal  funds  or  require 
the  approval  of  research. 

The  Act  itself  gives  little  guidance 
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as  to  which  actions  of  Federal  agen- 
cies fall  within  the  purview  of  the 
statute.  The  Council  on  Environmen- 
tal Quality  (CEQ),  the  agency  created 
by  NEPA  to  oversee  its  implementa- 
tion, has  issued  regulations  establish- 
ing that,  unless  the  major  Federal 
action  falls  within  an  agency's  pub- 
lished "categorical  exclusions,"  the 
agency  must,  at  a  minimum,  prepare 
an  environmental  assessment  (EA),  a 
public  document  which  sets  forth 
sufficient  evidence  of  the  agency's 
analysis  as  to  why  a  proposed  Federal 
action  will  or  will  not  have  a  signifi- 
cant impact  on  the  environment.  40 
CFR  1501-1508.  If  a  proposal  is  for  a 
major  Federal  action  as  defined  by 
the  regulations  and  the  environmen- 
tal assessment  reveals  a  significant 
impact  on  the  environment,  then  the 
Act  requires  that  an  environmental 
impact  statement  (EIS)  be  filed.  40 
CFR  1508.18. 

Court  Cases.  Research  is  not  per 
se  outside  the  scope  of  the  require- 
ment that  an  EIS  be  prepared  for 
Federal  actions  significantly  affecting 
the  environment.  Scientists'  Institute 
for  Public  Information  v.  Atomic  En- 
ergy Commission,  481  F2d  1079 
(1973).  If  an  agency  has  published, 
however,  a  categorical  exclusion  nar- 
rowly defining  categories  of  actions 
which,  based  on  past  experience,  do 
not  have  a  significant  effect  on  the 
human  environment,  and  the  re- 
search legitimately  is  within  the 
scope  of  the  exclusion,  no  EA  or  EIS 
is  required.  40  CFR  1500.4. 

In  addition,  research  wholly  con- 
tained in  a  laboratory  under  contain- 
ment levels  established  by  NIH 
Guidelines  may  be  exempt  from  the 
requirements  of  NEPA.  In  Mack  v. 
Califano,  447  F.  Supp.  668  (1978), 
the  District  Court  for  the  District  of 
Columbia  held  that  rDNA  research  in 
accordance  with  NIH  Guidelines 
would  have  no  adverse  environmental 
or  public  health  consequences  when 


it  appeared  that  NIH  Guidelines 
would  ensure  that  no  recombinant 
molecules  would  escape  from  the  lab- 
oratory, and  the  NIH  Guidelines  had 
themselves  been  accompanied  by  an 
EIS. 

Deliberate  releases  are  somewhat 
more  problematic.  The  experiment  in- 
volving ice  nucleation  bacteria  men- 
tioned earlier  was  a  joint  venture  by 
the  University  of  California,  Berkeley, 
and  a  private  company,  both  of  which 
obtained  NIH  approval  for  field 
testing. 

The  Foundation  on  Economic 
Trends  (FOET)  filed  suit  in  the  Dis- 
trict Court  for  the  District  of  Colum- 
bia against  HEW  alleging  that  NIH 
had  failed  to  comply  with  NEPA  re- 
quirements in  reviewing  and  approv- 
ing requests  for  deliberate  releases. 
The  District  Court  issued  a  prelimi- 
nary injunction  not  only  prohibiting 
the  field  testing  of  the  ice  nucleation 
bacteria  by  the  University  of  Califor- 
nia but  also  prohibiting  NIH  from 
continuing  to  approve  any  experimen- 
tation involving  the  deliberate  release 
of  rDNA  until  it  developed  a  program- 
matic EIS.  FOET  v.  Heckler,  587  F. 
Supp.  753  (D.D.C.  1984). 

The  injunction  did  not  apply  to  the 
private  company  because  the  Guide- 
lines are  mandatory  only  for  govern- 
ment-funded projects.  In  this  case, 
the  firm  voluntarily  abstained  from 
proceeding  with  the  experiment. 

HEW  and  the  University  of  Califor- 
nia appealed  to  the  Court  of  Appeals 
for  the  D.C.  Circuit.  The  Circuit 
Court  upheld  the  preliminary  injunc- 
tion with  regard  to  the  ice  nucleation 
experiment,  agreeing  with  the  Dis- 
trict Court's  finding  that  an  adequate 
EA  must  be  prepared  to  assess  the 
possible  impacts  of  the  bacteria  on 
neighboring  plant  and  animal  life  or 
on  weather  patterns  should  the  bacte- 
ria be  carried  off  site  by  wind,  insects, 
or  birds.  With  regard  to  the  program- 
matic EIS,  the  Court  stated  that, 
while  it  would  doubtless  be  helpful,  it 
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was  not  prepared  to  agree  with  the 
District  Court  that  the  absence  of  an 
EIS  violated  NEPA. 

The  essence  of  the  Court  of  Ap- 
peals decision  is  that,  if  HEW  gives 
adequate  environmental  consideration 
to  each  deliberate  release  experiment, 
HEW  will  be  in  compliance  with 
NEPA. 

FOET  also  has  asked  the  D.C.  Dis- 
trict Court  to  enjoin  the  Advanced 
Genetic  Sciences  experiment  already 
mentioned  alleging,  as  in  the  HEW 
case,  that  EPA  approval  was  based  on 
inadequate  environmental  review  un- 
der NEPA.  FOET  v.  Thomas  (Civ.  Ac- 
tion No.  85-3649,  D.D.C.  filed  Nov. 
19,  1985).  The  Court  denied  the 
plaintiffs'  motion  for  a  preliminary  in- 
junction holding  that  the  case  was 
not  likely  to  succeed  on  the  merits, 
but  has  not  ruled  on  the  Government's 
motion  for  summary  judgment. 

In  another  case  not  involving  delib- 
erate release,  the  same  plaintiff 
brought  suit  against  USDA  in  Octo- 
ber 1984.  FOET  sought  a  declaratory 
judgment  that  the  actions  of  the  de- 
fendants in  establishing  and  carrying 
out  an  animal  breeding  research  pro- 
gram that  allegedly  focuses  on  en- 
hancing size  and  accelerating  and 
improving  reproductivity  of  animals 
are  in  violation  of  NEPA  as  well  as 
other  Federal  laws.  FOET  v.  Block 
(Civ.  Action  No.  84-3045,  D.D.C, 
filed  Oct.  19,  1984). 

Joined  by  the  Humane  Society  of 
the  United  States,  the  American 
Minor  Breeds  Conservancy,  and  other 
individuals  who  claim  an  interest  in 
animal  rights,  FOET  asserted  that  an 
EIS  should  have  preceded  the  use  of 
rDNA  and  other  techniques  that 
permit  the  exchange  of  genetic  mate- 
rial between  species  to  enhance 
productivity.  They  wanted  the  De- 
partment to  consider  alternatives  to 
increasing  the  meat  supply,  such  as 
developing  a  program  aimed  at 
changing  the  U.S.  diet  to  require  less 
meat. 


In  April,  1986,  the  District  Court 
granted  USDA's  motion  for  summary 
judgment  on  the  ground  that  the 
plaintiffs  had  not  stated  any  claim 
cognizable  under  NEPA  or  any  of  the 
other  statutory  authorities  cited  in  the 
complaint. 

The  allegations  of  this  final  com- 
plaint are  exemplary  of  how  the  EIS 
requirement  of  NEPA  has  been  used 
by  litigants  for  purposes  that  could 
not  have  been  imagined  and  certainly 
not  intended  by  the  drafters  of  the 
legislation.  In  fact,  the  EIS  require- 
ment can  and  probably  has,  in  many 
instances,  been  used  solely  as  a  de- 
laying tactic.  As  Senior  Circuit  Judge 
MacKinnon  stated  in  FOET  v.  Heckler: 

The  Foundation's  conduct  also  has 
delayed  this  vital  experiment  for  a 
very  considerable  period  of  time. 
The  use  of  delaying  tactics  by  those 
who  fear  and  oppose  scientific 
progress  is  nothing  new.  It  would, 
however,  be  a  national  catastrophe 
if  the  development  of  this  promis- 
ing new  science  of  genetic  engi- 
neering were  crippled  by  the  un- 
conscionable delays  that  have  been 
brought  about  by  litigants  using  the 
National  Environmental  Policy 
Act 

756  F. 2d  161  (D.C.  Cir.  1985) 
(MacKinnon,  J.,  concurring). 

While  the  numerous  complaints 
filed  by  one  group  of  plaintiffs  do  not 
evidence  a  lack  of  confidence  by  the 
general  public  that  government  agen- 
cies are  inadequately  assessing  envi- 
ronmental, safety,  and  ethical  issues 
with  regard  to  rDNA  research,  the 
legal  precedents  emerging  from  the 
litigation  indicate  the  necessity  for 
agencies  approving  such  research  to 
ensure  that  these  issues  have  been 
considered  seriously.  For  the  present, 
when  a  deliberate  release  is  planned, 
it  will  be  necessary  to  require,  at  a 
minimum,  an  EA  that  has  realistically 
and  thoroughly  considered  the  poten- 
tial for  environmental  effects. 
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Future  Research  and 
Regulation 

The  public  is  interested  and  fully  ca- 
pable of  taking  part  in  decisions  af- 
fecting rDNA  research  and  its  appli- 
cation. The  NIH  experience  is 
evidence  that  the  public  and  govern- 
mental agencies  can  work  compatibly 
together  to  make  reasoned  decisions 
about  the  application  of  biotechnol- 
ogy. If  this  cooperation  continues, 
there  is  no  reason  to  doubt  that  re- 
search will  be  allowed  to  move  cau- 
tiously but  progressively  forward. 

Because  no  unique  risks  are  posed 
by  genetically  engineered  organisms, 
they  should  be  regulated  in  the  same 
manner  and  to  the  same  extent  as 
products  manufactured  by  traditional 
methods.  Experience  has  shown  that 
rDNA  research,  which  is  covered  by 
NIH  Guidelines,  poses  no  special  risk 
to  health,  safety,  or  environment  and 
it  should  be  allowed  to  proceed  with- 
out regulation.  Adequate  EA's  and,  in 
some  instances,  EIS's  are  essential 
for  deliberate  releases,  at  least  until 
experience  allows  the  development  of 
models  generally  applicable  to  cate- 
gories of  organisms  to  be  released. 

If  such  risk  assessment  is  per- 
formed conscientiously,  it  is  unlikely 
that  the  public  will  demand  regula- 
tion of  research  in  biotechnology.  The 
regulation  of  the  products  of  biotech- 
nology is  adequate  to  protect  against 
adverse  consequences  to  the  public 
health  and  safety  and  to  the  environ- 
ment. This  regulation  can  be  accom- 
plished within  the  existing  framework 
of  governmental  authorities. 
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Today,  agriculture  needs  a  new  in- 
fusion of  science  and  technology 
and  new  capabilities  that  will  restore 
and  enhance  the  competitiveness  of 
U.S.  agriculture  in  the  world 
marketplace. 

The  products  of  biotechnology  offer 
one  of  the  most  exciting  opportunities 
to  meet  these  urgent  needs.  In  the 
words  of  Dr.  George  Keyworth,  former 
Science  Advisor  to  The  President, 
"U.S.  agriculture  has  got  to  take  ad- 
vantage of  new  knowledge  in  biosci- 
ences  in  order  to  remain  the  domi- 
nant force  it  is  in  the  world  today." 

But  what  exactly  is  biotechnology? 
The  term  Biotechnology  refers  to  an 
array  of  related  basic  sciences  that 
have  as  their  centerpiece  the  use  of 
new  methods  for  the  manipulation  of 
the  fundamental  building  blocks  of 
genetic  information  to  create  life 
forms  that  might  not  ever  emerge  in 
nature — life  forms  that  can  expand 
and  enhance  the  well-being  of  hu- 
mans in  ways  that  almost  extend  be- 
yond the  imagination. 

The  American  Association  for  the 
Advancement  of  Science  has  termed 
genetic  engineering  one  of  the  four 
major  scientific  revolutions  of  this 
century,  on  a  par  with  unlocking  the 
atom,  escaping  the  earth's  gravity, 
and  the  computer  revolution.  The  Na- 
tional Science  Board  recently  said, 
"The  newfound  ability  to  manipulate 
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Future  Research  and 
Regulation 

The  public  is  interested  and  fully  ca- 
pable of  taking  part  in  decisions  af- 
fecting rDNA  research  and  its  appli- 
cation. The  NIH  experience  is 
evidence  that  the  public  and  govern- 
mental agencies  can  work  compatibly 
together  to  make  reasoned  decisions 
about  the  application  of  biotechnol- 
ogy. If  this  cooperation  continues, 
there  is  no  reason  to  doubt  that  re- 
search will  be  allowed  to  move  cau- 
tiously but  progressively  forward. 

Because  no  unique  risks  are  posed 
by  genetically  engineered  organisms, 
they  should  be  regulated  in  the  same 
manner  and  to  the  same  extent  as 
products  manufactured  by  traditional 
methods.  Experience  has  shown  that 
rDNA  research,  which  is  covered  by 
NIH  Guidelines,  poses  no  special  risk 
to  health,  safety,  or  environment  and 
it  should  be  allowed  to  proceed  with- 
out regulation.  Adequate  EA's  and,  in 
some  instances,  EIS's  are  essential 
for  deliberate  releases,  at  least  until 
experience  allows  the  development  of 
models  generally  applicable  to  cate- 
gories of  organisms  to  be  released. 

If  such  risk  assessment  is  per- 
formed conscientiously,  it  is  unlikely 
that  the  public  will  demand  regula- 
tion of  research  in  biotechnology.  The 
regulation  of  the  products  of  biotech- 
nology is  adequate  to  protect  against 
adverse  consequences  to  the  public 
health  and  safety  and  to  the  environ- 
ment. This  regulation  can  be  accom- 
plished within  the  existing  framework 
of  governmental  authorities. 
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With  help  from  a  microscope  attached  to  closed-circuit  television,  a  plant  geneticist 
injects  a  chromosome  into  a  plant  cell  magnified  15,000  times. 


cellular  machinery  has  been  termed  a 
biotechnology  revolution.  It  could 
have  as  profound  an  effect  on  our  so- 
ciety as  has  the  information  revolu- 
tion occurring  alongside  it.  Many  be- 
lieve that  the  impact  of  biotechnology 
will  be  as  great  or  greater  in  agricul- 
ture as  in  medicine." 

Sciences  as  Base 

The  biotechnology  revolution  in  agri- 
culture is  a  part  of  an  overall  increas- 
ing sophistication  of  biological  tech- 
niques for  improving  the  production, 
processing,  and  marketing  of  food 
and  fiber.  Biotechnology,  for  instance, 
allows  an  acceleration  of  the  process 
of  selection  and  breeding  that  has 
been  under  way  for  over  100  years. 
While  much  of  the  early  research  in 
biotechnology  addressed  the  basic  bi- 
ology to  solve  critical  problems  in 
medicine,  the  opportunities  and  po- 
tential impact  of  this  technology  for 


agriculture  make  this  at  least  as  im- 
portant an  application  as  medicine.  In 
fact,  biotechnology  has  its  broadest 
applications  in  sciences  that  enhance 
human  well-being  in  the  total  sense. 
In  the  case  of  agriculture,  biotech- 
nology is  built  on  a  broad  base  of  ex- 
isting and  ongoing  scientific  research 
that  supports  and  enhances  the  use 
of  the  new  methods  in  genetic  engi- 
neering and  related  techniques.  This 
science  base  helps  define  what 
should  be  genetically  engineered  and 
enables  the  products  of  fundamental 
research  in  the  laboratory  to  be  prac- 
tically applied  in  the  field.  The  way 
the  pieces  fit  together  and  the  basic 
concepts  in  biotechnology  are  both 
exciting  and  fascinating. 

Concepts  of  Genetic 
Engineering 

Every  cell  in  plants,  animals,  and  mi- 
crobes contains  the  genetic  informa- 
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tion  to  allow  perpetuation  of  that  cell 
or  organism.  The  study  of  the  struc- 
ture, chemistry,  and  function  of  this 
genetic  material  has  been  the  basis  of 
understanding  that  has  enabled  the 
biotechnology  revolution  to  come  of 
age. 

This  genetic  material  is  arranged  in 
helical  strands  of  amino  acids  that 
contain  the  code  for  triggering  the 
characteristic  functions  of  that  orga- 
nism in  succeeding  generations.  The 
discovery  of  the  structure  of  the  DNA 
helix  in  the  1950's,  the  unraveling  of 
genetic  code  in  the  1960's,  and  the 
development  and  refinement  of  the 
tools  of  genetic  engineering  in  the 
1970's  has  caused  something  funda- 
mentally different  to  happen  in  bio- 
logical science.  Using  enzymes  as 
"genetic  scissors,"  the  genetic  struc- 
ture of  cells  can  be  snipped  apart  and 
reconstructed  in  combinations  impos- 
sible to  achieve  by  natural  reproduc- 
tion. Scientists  can  not  only  alter  ex- 
isting genes,  but  construct  totally 
synthetic  genes  to  cause  the  orga- 
nism to  perform  desired  functions. 

To  make  genetic  engineering  work, 
methods  are  being  developed  to  trans- 
fer genetic  material  into  plants  and 
animals  and  to  make  sure  that  the 
function  that  has  been  engineered  is 
expressed  at  the  right  place  and  at 
the  right  time.  But  genetic  engineer- 
ing is  only  a  part  of  biotechnology. 
The  total  picture  includes  under- 
standing the  physiology  and  bio- 
chemistry of  the  function  of  interest 
and  knowledge  of  the  existing  genetic 
codes  that  regulate  the  process.  This 
allows  scientists  to  understand  what 
to  genetically  engineer  to  produce  a 
more  desirable  organism.  Once  such 
a  product  has  been  created  in  the  lab- 
oratory, a  variety  of  techniques  such 
as  tissue  culture  are  often  needed  to 
recreate  an  organism  that  can  com- 
pete in  a  practical  ecosystem.  The 
techniques  of  plant  and  animal  breed- 
ing and  development  are  used  to  take 
the  final  product  back  to  the  field. 


Agriculture  as  a 
Principal  Target 

The  production  of  food  and  fiber  is 
essential  to  life,  and  agriculture  is  the 
world's  largest  industry  with  assets 
worth  well  over  a  trillion  dollars  in 
the  United  States  alone.  As  a  biologi- 
cally based  set  of  industries,  agricul- 
ture is  in  the  ideal  position  to  reap 
the  major  benefits  associated  with  the 
biotechnology  revolution. 

In  the  past,  agriculture  has  been  an 
energy  and  labor  intensive  industry. 
Biotechnology  offers  the  opportunity 
to  reduce  both  these  costs  in  future 
operations.  Inherent  resistance  to 
pests  and  disease  can  reduce  the  use 
of  chemical  pesticides,  reducing  the 
cost  of  production  and  the  potentially 
harmful  environmental  effects  of 
such  practices.  The  possible  uses  of 
biotechnology  for  agriculture  are  lim- 
ited only  by  imagination  and  initiative. 

The  total  system  for  food  and  fiber 
production  is  extremely  diverse  and 
multifaceted,  providing  a  broad  range 
of  potential  applications  of  biotechnol- 
ogy. Biotechnology  is  not  only  en- 
hancing the  traditional  enterprises  in 
food  and  fiber  production;  it  also  is 
producing  new  high  technology  in- 
dustries that  are  in  themselves  pro- 
viding new  jobs  and  producing  new 
goods  and  services.  Sometimes  think- 
ing of  biotechnological  applications  is 
limited  to  production  agriculture, 
where  an  exciting  new  array  of  scien- 
tific breakthroughs  is  being  devel- 
oped. Just  as  exciting,  however,  is  the 
new  application  of  biotechnology  to 
food  processing  and  manufacturing, 
to  new  methods  for  ecologically  sound 
disposal  of  wastes,  and  to  biochemical 
engineering  where  totally  new  prod- 
ucts are  being  produced  from  agricul- 
tural residues  using  biotechnological 
tools. 

The  excitement  associated  with  the 
biotechnology  revolution  can  be  even 
better  conveyed  by  some  specific  ex- 
amples of  goals  and  achievements. 
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Opportunities  and 
Applications 

Biological  Factories.  One  of  the 

early  uses  of  biotechnology  has  been 
to  use  simple  organisms  such  as  bac- 
teria and  yeast  as  so-called  biological 
factories  to  produce  biologically  active 
compounds.  Genetic  codes  for  these 
compounds  are  inserted  into  the  ge- 
netic makeup  of  these  simple  orga- 
nisms along  with  genetic  instructions 
that  cause  the  production  of  the  de- 
sired material. 

Through  these  techniques,  for  in- 
stance, human  insulin  is  now  pro- 
duced and  is  replacing  insulin  from 
animal  sources  for  treatment  of  diabe- 
tes in  humans. 

Interferon,  a  biological  anticancer 
treatment  and  antiviral  material  previ- 
ously available  in  only  minute  quan- 
tities, can  now  be  produced  inexpen- 
sively and  in  large  quantities  using 
biological  factories. 

Hormones,  such  as  bovine  growth 
hormone,  have  been  manufactured 
using  this  method;  the  product  is 
being  experimentally  injected  in  dairy 
cattle  to  enhance  milk  production  by 
some  20  to  30  percent. 

Diagnostic  reagents  and  improved 
vaccines  for  animal  and  human  dis- 
ease are  being  produced  using  these 
techniques. 

Early  progress  has  been  rapid  in 
this  area  because  the  genetics  of 
these  organisms  is  relatively  simple. 

Plant-Water  Relationships.  In 

many  parts  of  the  world,  water  is  the 
limiting  factor  in  food  production. 
Biotechnology  is  being  used  to  greatly 
enhance  the  production  of  plants  with 
high  drought-stress  tolerance.  These 
plants  will  maintain  yields  in  environ 
ments  with  much  less  water,  and 
there  is  the  promise  of  developing 
plants  that  can  use  brackish  water. 
These  developments  could  have  a 
profound  effect  on  stretching  water 
resources  and  will  be  crucial  as  water 


for  irrigation  becomes  less  available 
and  more  expensive. 

Plant  Productivity.  Plant  growth 
and  development  has  been  the  sub- 
ject of  investigation  for  decades,  but 
until  recently  remained  poorly  under- 
stood. Biotechnology  makes  it  possible 
to  isolate,  characterize,  and  manipu- 
late specific  genes.  This  new  technol- 
ogy provides  a  powerful  tool  to  under- 
stand plant  growth  and  development 
and  a  way  to  directly  manipulate  the 
process.  Opportunities  in  this  field  in- 
clude altering  chemical  composition 
of  the  plant  product,  improving  proc- 
essing quality,  producing  plants  re- 
sistant to  stress  or  herbicides,  altering 
plant  size,  and  changing  the  ratio  of 
grain  to  stalk. 

Plant  Disease  Resistance.  Ge- 
netic engineering  offers  an  exciting 
and  environmentally  sound  way  of  re- 
ducing the  cost  and  increasing  the  ef- 
fectiveness of  plant  pest  control, 
through  the  development  of  genetic 
resistance  to  disease.  Because  disease 
resistance  is  controlled  by  relatively 
few  genes,  this  area  is  among  the 
most  favorable  candidates  for  early 
application  of  biotechnology  to  plants. 

Nutritional  Quality  of  Plants. 

Many  plant  foods  are  deficient  in  nu- 
trients or  lose  nutritional  value  during 
storage.  Some  plants  have  other  fea- 
tures that  are  not  optimum  for  hu- 
man or  animal  health.  Genetic  engi- 
neering can  be  used  to  both  improve 
and  retain  nutritive  value  as  well  as 
to  modify  undesirable  properties  of 
plant  products.  For  instance,  through 
genetic  engineering,  the  composition 
of  dietary  fats  can  be  modified  to  re- 
duce their  possible  contribution  to 
cardiovascular  disease. 

Biological  Control  of  Insects. 

Biological  control  exploits  natural  fac- 
tors in  the  life  cycle  of  harmful  in- 
sects as  a  means  of  control.  Some 
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possibilities  include  use  of  highly  spe- 
cific insect  pathogens  (bacteria,  vi- 
ruses, fungi)  to  produce  insect  dis- 
ease or  death  or  to  use  unique  viruses 
that  interfere  with  the  insect  immune 
system,  making  it  more  vulnerable  to 
disease.  Also,  insect  chromosomes  or 
genes  with  some  ability  to  control 
population  growth  are  under  study  as 
well  as  methods  which  interfere  with 
normal  growth  and  maturation.  All 
these  processes  of  biological  control 
are  potentially  capable  of  being  en- 
hanced through  the  use  of  genetic 
engineering  to  improve  the  effective- 
ness of  the  crop  insect's  natural  en- 
emy. These  processes  are  highly  spe- 
cific to  single  insect  species  and  so 
are  highly  desirable  environmentally 
as  alternatives  to  chemical  pesticides. 

Animal  Disease  Resistance. 

The  ultimate  solution  to  animal  dis- 
ease will  be  to  genetically  engineer 
disease-resistant  animals.  Recombi- 
nant DNA  technology  has  made  pos- 
sible the  identification  of  specific 
genes  controlling  disease  resistance. 
The  identification,  mapping,  and 
cloning  of  these  genes  coupled  with 
technical  advances  in  embryo  manip- 
ulation offer  dramatic  potential  for 
generating  disease-resistant  animals 
through  gene  transfer. 

Animal  Production  and  Devel- 
opment. Thanks  to  traditional 
breeding  programs,  animal  food  pro- 
duction has  more  than  doubled  since 
1920,  while  the  number  of  animals 
has  remained  unchanged.  Recent 
components  of  the  success  story  have 
been  achieved  through  improved  ge- 
netics and  breeding  techniques  such 
as  embryo  transfer  and  embryo  split- 
ting. As  methods  for  genetic  transfer 
of  material  in  livestock  are  further  de- 
veloped, it  will  be  possible  not  only  to 
continue  and  accelerate  the  process 
of  improving  the  productive  perform- 
ance of  individual  animals,  but  also  to 
improve  the  quality  of  the  animal 


product  produced.  For  instance,  fu- 
ture generations  of  meat  animals  will 
be  produced  with  inherently  leaner 
carcasses  while  maintaining  tender- 
ness and  flavor  desired  by  the 
consumer. 

Concerns 

While  the  opportunities  for  using  bio- 
technology in  agriculture  are  truly 
fantastic,  they  have  triggered  public 
concern  and  a  corresponding  need  to 
develop  methods  to  assure  that  bio- 
technology is  used  in  an  environmen- 
tally sound  manner.  Agricultural  re- 
searchers are  enhancing  traditional 
methods  of  manipulating  plant  and 
animal  germplasm  used  for  over  100 
years  as  well  as  using  the  guidelines 
in  recombinant  DNA  studies  directed 
to  human  applications. 

In  both  cases,  there  is  a  sound 
track  record  of  safety  associated  with 
research  and  its  products.  Recombi- 
nant DNA  techniques  have  been 
safely  employed  since  the  mid-1970's 
through  an  essentially  self-imposed 
series  of  safety  guidelines  and  reviews 
within  the  scientific  community.  For- 
merly under  the  aegis  of  the  National 
Institutes  of  Health,  these  safety  pro- 
cedures are  now  the  responsibility  of 
the  U.S.  Department  of  Agriculture. 
Methods  and  procedures  are  being 
completed  to  assure  continued  safety 
in  applying  recombinant  DNA  tech- 
niques for  agricultural  research  and 
in  producing  biotechnology  products. 
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international 
Dimensions  of 
Biotechnology 

Sue  Ann  Tolin,  professor  of  plant 
pathology,  Department  of  Plant 
Pathology,  Physiology,  and  Weed 
Science,  Virginia  Polytechnic 
Institute  and  State  University, 
Blacksburg 

Biotechnology  knows  no  interna- 
tional boundaries,  just  as  the  po- 
tential applications  of  biotechnology 
to  agriculture  are  boundless.  The  in- 
ternational dimensions  discussed  here 
include  U.S.  competitiveness  in  bio- 
technology research  and  product  de- 
velopment, the  guidelines  for  biotech- 
nology research,  and  efforts  toward 
international  harmonization  of 
regulations. 

Competition 

The  United  States  is  the  world  leader 
in  biotechnology.  The  Department  of 
Commerce  came  to  this  conclusion  in 
a  1984  report  comparing  the  United 
States  with  Japan  and  five  Western 
European  countries — West  Germany, 
United  Kingdom,  Switzerland,  Swe- 
den, and  France. 

All  countries  have  strong  basic  re- 
search and  development  programs  in 
biotechnology  that  provide  a  substan- 
tial challenge  to  U.S.  leadership  in 
many  biotechnological  fields,  particu- 
larly pharmaceutical  and  industrial 
applications. 

Other  countries,  particularly  the 
United  Kingdom  and  Australia,  have 
met  the  challenge  in  plant  biotech- 
nology research.  Indeed,  the  science 
policymakers  of  most  technologically 
developed  countries  have  targeted 
biotechnology  programs  for  special 
support. 


Third  World  countries  also  have 
recognized  biotechnology  as  a  power- 
ful tool  for  more  rapid  development  of 
their  agriculture  and  are  anxious  to 
use  biotechnological  approaches. 

Marketable  Products.  Any  as- 
sessment of  a  commercial  competitive 
edge  at  this  time  must  be  recognized 
as  largely  speculative  since  few  prod- 
ucts of  biotechnology  are  as  yet  being 
marketed.  Furthermore,  all  the  early 
products  were  functional  protein  mol- 
ecules purified  as  products  of  geneti- 
cally engineered  bacteria  or  other 
single  cells  growing  in  large  fermen- 
tation vessels. 

For  example,  human  insulin,  the 
first  marketed  product,  was  isolated 
from  bacteria  into  which  the  DNA 
that  directs  insulin  synthesis  in  hu- 
man cells  had  been  introduced. 

Such  products  should  not  be  fun- 
damentally different  from  conven- 
tional products  because  they  are  pro- 
duced by  a  more  precise,  efficient, 
and  perhaps  safer  process. 

Marketable  Organisms.  Fulfill- 
ing the  predictions  of  the  benefits  of 
biotechnology  for  agriculture  will  re- 
quire that  at  least  some  of  the  mar- 
keted products  are  living  organisms. 

The  lead  nation  in  the  future  for 
agricultural  applications  of  biotech- 
nology is  likely  to  be  the  nation  that 
is  first  to  recognize  that  benefits  from 
using  genetically  engineered  orga- 
nisms outweigh  any  potential  disad- 
vantages of  untoward  events  encoun- 
tered by  introducing  these  organisms 
into  the  environment. 

The  early  experimental  field  tests 
with  engineered  organisms  as  a  part 
of  the  research  process  to  demon- 
strate their  safety  and  efficacy  will  be 
the  key  to  establishing  and  maintain- 
ing a  competitive  position,  in  much 
the  same  way  that  field  experimenta- 
tion in  agriculture  and  clinical  trials 
in  medicine  have  traditionally  been 
used. 
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Research 

Most  of  the  major  scientific  discover- 
ies that  led  to  the  beginning  just  over 
a  decade  ago  of  the  new  biotechnol- 
ogy era  of  science  were  made  in  this 
country,  largely  as  a  result  of  our  long 
history  of  funding  basic  research. 

U.S.  scientists  were  the  first  to  rec- 
ognize and  isolate  enzymes  from  bac- 
terial cells  that  had  the  power  and 
specificity  to  cleave  and  rejoin  bits  of 
genetic  information  from  different  or- 
ganisms. This  technique  became 
known  as  recombinant  DNA  (rDNA) 
since  the  DNA  comprising  the  genes 
was  "recombined"  in  a  test  tube  from 
organisms  not  known  to  combine  or 
otherwise  interact  genetically  in 
nature. 

Question  of  Safety.  U.S.  scien- 
tists also  were  the  first  to  express 
concern  over  the  safety  of  conducting 
certain  rDNA  experiments,  since,  in 
theory,  a  new  organism  with  unpre- 
dictable properties  could  be  created. 

The  National  Institutes  of  Health 
(NIH)  asked  a  group  of  eminent  sci- 
entists, ultimately  known  as  the  RAC 
or  Recombinant  DNA  Advisory  Com- 
mittee, to  write  a  set  of  guidelines  to 
be  followed  when  conducting  re- 
search with  recombinant  DNA  mole- 
cules so  that  harm  to  laboratory  work- 
ers and  the  environment  could  be 
avoided.  The  guidelines  helped  to  al- 
lay concern  and  fears  and  allowed  re- 
search with  certain  organisms  to  pro- 
ceed in  an  orderly  and  safe  manner 
under  the  continued  purview  of  the 
RAC. 

Although  NIH  could  insist  only 
that  their  own  researchers  or  grantees 
comply  with  the  guidelines,  other 
Federal  agencies  including  the  U.S. 
Department  of  Agriculture  were  di- 
rected by  executive  order  to  follow 
the  same  guidelines  for  research  that 
they  funded. 

Private  institutions  and  industry 
also  widely  accepted  the  laboratory 


protocols  set  forth  in  the  guidelines. 
After  more  than  10  years  of  wide- 
spread use  of  recombinant  DNA  tech- 
niques under  the  guidelines,  no 
health  or  safety  problems  specifically 
associated  with  the  techniques  have 
arisen. 

Research  Under  Guidelines. 

With  review  and  approval  by  either  a 
local  committee  or  from  NIH  for  cer- 
tain categories  of  experiments,  count- 
less academic,  government,  and  indus- 
trial scientists  proceeded  to  conduct 
research  in  which  they  discovered  the 
many  potential  human,  industrial,  ag- 
ricultural and  environmental  applica- 
tions of  this  technology.  They  also 
found  many  unanticipated  benefits 
from  basic  research  discoveries. 

Research  also  proceeded  at  a  rapid 
rate  in  other  nations.  U.S.  or  similar 
guidelines  for  laboratory  research 
were  adopted  by  most  nations,  but 
few  of  them  established  a  body  equiv- 
alent to  the  RAC.  They  recognized 
that  the  RAC  provided  an  internation- 
ally valid  scientific  forum  for  biotech- 
nology and  saw  little  need  to  dupli- 
cate it. 

In  its  scientific  and  political  wis- 
dom, the  United  States  had  built  flex- 
ibility into  the  guidelines,  which 
permitted  experiments  to  be  recatego- 
rized  as  scientific  knowledge  about 
the  organisms  or  the  procedure  accu- 
mulated instead  of  rigid  regulations 
based  on  an,  as  yet,  inadequate  sci- 
,ence  base.  This  process  helped  to 
give  U.S.  scientists  a  competitive 
edge  because  approvals  for  certain 
types  of  research  projects  could  be  re- 
quested by  them  and  quickly  incorpo- 
rated into  research  programs 
throughout  the  country.  Other  na- 
tions could  adopt  the  changes  in  the 
U.S.  guidelines  after  they  were  pub- 
lished in  the  Federal  Register. 

The  evolution  of  guidelines  for  re- 
search into  a  de  facto  regulatory 
framework,  nationally  or  internation- 
ally, could  be  viewed  as  either  stimu- 
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latory,  early  on  or  inhibitory,  later  and 
currently,  to  biotechnology  research 
and  the  development  of  agricultural 
applications. 

Question  of  Release.  Initially, 

the  guidelines  specifically  prohibited 
deliberate  release  of  any  organism 
containing  recombinant  DNA  into  the 
environment.  Thus,  an  Environmen- 
tal Impact  Statement  written  by  NIH 
concluded  that  issuing  guidelines  for 
conducting  research  with  recombi- 
nant DNA  molecules  would  have  no 
significant  impact  on  the 
environment. 

There  was  the  underlying  percep- 
tion that  less  was  known  about  these 
organisms  than  about  other  orga- 
nisms in  nature,  and  that  because 
less  was  known  they  should  not  be 
released.  Clearly,  the  only  organisms 
in  the  minds  of  the  early  RAC  mem- 
bers that  would  contain  rDNA  were 
bacterial  pathogens  of  humans.  The 
issues  of  transgenic  plants  and  ani- 
mals, of  human  gene  therapy,  and 
even  of  ice  minus  bacteria  were  sci- 
entific light-years  away. 

However,  the  safety  of  other  tech- 
niques used  in  biology  to  produce  ge- 
netically altered  organisms,  such  as 
cell  fusion,  induced  mutation,  di- 
rected mutagenesis,  somaclonal  varia- 
tion, and  conventional  plant  and  ani- 
mal breeding,  was  not  questioned  at 
this  time.  Scientists  and  the  public 
expressed  no  concern  that  use  of 
these  other  techniques  could  result  in 
any  of  the  hazards  initially  conjec- 
tured for  rDNA  experiments.  In  addi- 
tion, the  long  experiences  with  plants 
and  animals  in  agriculture  certainly 
demonstrated  that  field  experimenta- 
tion with  organisms  altered  by  these 
genetic  engineering  methods  could  be 
conducted  safely. 

Eventually,  the  RAC  received  re- 
quests to  release  rDNA-modified 
plants  and  micro-organisms  in  con- 
trolled field  tests.  Although  the  re- 
quests were  approved  because  no  un- 


toward effects  to  humans  or  the 
environment  could  be  envisioned,  the 
legality  of  this  RAC  action  was  chal- 
lenged because  NIH  was  not  a  regu- 
latory agency. 

Regulation.  When  biotechnology 
moved  from  the  laboratory  to  the 
marketplace,  and  living  organism 
products  were  ready  for  testing,  other 
agencies  and  statutory  authorities  be- 
came involved  in  the  research  proc- 
ess. The  United  States  has  essentially 
concluded  that  the  existing  frame- 
work for  regulation  of  biological  and 
chemical  products  is  adequate  to  as- 
sure the  safety  of  biotechnology. 
These  laws  are  product  specific, 
rather  than  process  specific,  to  assure 
uniformity  in  product  regulation.  All 
research  or  all  commercial  products 
may  not  need  safety  regulation,  pro- 
vided the  precision  of  the  genetic 
modification  is  completely  understood 
and  the  organism  can  be  managed  as 
it  is  introduced  into  the  environment. 


International 
Harmonization 

The  United  States  began  thinking 
about  both  large-scale  fermentations 
and  release  of  organisms  at  an  early 
stage  of  biotechnology  research  and 
regulation.  Other  countries  have  fol- 
lowed our  lead,  and  some  have  now 
approved  release  of  rDNA-containing 
plants  in  field  tests.  Many  more  will 
soon  follow,  particularly  if  the  United 
States  releases  are  blocked  by 
litigation. 

Nations  have  recognized  the  need, 
particularly  in  biotechnology  applica- 
tions, for  uniform  scientific  principles 
on  which  to  base  their  decisions.  One 
of  the  most  active  international  orga- 
nizations in  attempting  to  arrive  at 
harmonization  has  been  the  Organi- 
zation for  Economic  Cooperation  and 
Development  (OECD).  Over  the  last 
3  to  4  years,  a  special  group  of  scien- 
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tific  experts,  delegated  by  the  more 
than  20-member  nations,  deliberated 
on  a  report  entitled  Recombinant  DNA 
Safety  Considerations.  The  report 
considers  potential  benefits  and  risks 
of  rDNA  organisms  in  industrial,  en- 
vironmental, and  agricultural  applica- 
tions, and  the  extent  to  which  risk  as- 
sessment of  these  organisms  differs 
from  that  applied  to  conventional  or- 
ganisms. It  also  identifies  general  sci- 
entific principles  for  achieving  safety 
in  the  various  applications,  and 
makes  recommendations  to  member 
countries  for  both  general  and  spe- 
cific issues  that  they  can  use  in  for- 
mulating their  regulations. 

The  OECD  report  should  provide 
the  basis  for  an  international  consen- 
sus for  the  protection  of  health  and 
the  environment,  the  promotion  of 
technological  and  economic  develop- 
ment, and  the  reduction  of  interna- 
tional trade  barriers. 
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University  of  Wisconsin-Madison 


Biotechnology  has  been  described 
as  the  last  great  technical  inno- 
vation of  the  20th  century,  but  it  has 
been  used  to  produce  food  and  food 
ingredients  through  fermentation  for 
thousands  of  years. 

Biotechnology  was  largely  a  prac- 
ticed art  in  food  processing  and  not 
scientifically  understood.  Now, 
through  recent  research  in  genetic 
engineering,  the  understanding  of 
biotechnology's  scientific  basis  has  in- 
creased. Innovations  have  followed  in 
process  engineering,  improvements  in 
products,  and  cost  reduction. 

Biotechnology  is  defined  here  as 
the  integrated  use  of  biochemistry, 
molecular  genetics,  microbiology,  and 
process  engineering  to  commercially 
produce  products  of  reactions  of  mi- 
cro-organisms, cell  cultures,  or  parts 
of  micro-organisms  or  cells.  As  re- 
search is  focused  on  these  and  other 
potential  products,  biotechnology's 
role  in  producing  food  and  food  ingre- 
dients will  increase. 

The  following  sections  identify  fer- 
mentation, separation,  and  purifica- 
tion operations  as  major  areas  of  re- 
search needed  to  enhance  the  use  of 
biotechnology  for  producing  con- 
sumer products,  including  food. 


Increasing  Efficiency  of 
Fermentation  Systems 

Fermentation  is  used  to  produce  alco- 
holic beverages,  bread,  and  cheese.  It 
is  a  reaction  or  series  of  reactions  in 
which  a  biocatalyst,  usually  a  micro- 
bial cell  or  isolated  enzymes,  is  used 
to  convert  a  substrate  or  chemical 
constituent  into  a  desirable  product. 
Applications  in  the  food  industry  in- 
clude the  production  of  alcoholic  bev- 
erages, bread  and  cheeses.  In  most 
cases,  the  transformations  of  sub- 
strates to  products  are  extremely 
complex  and  require  control  of  other 
nutrients,  oxygen  transfer,  and  main- 
tenance of  the  biocatalyst. 

In  designing  a  fermentor  or  bio- 
reactor,  the  following  technical  areas 
must  be  considered:  biological  kinet- 
ics, piping  and  equipment  design  to 
maintain  sterility,  fluid  hydraulics, 
mass  transfer  of  substrate  materials 
into  the  micro-organism,  mass  trans- 
fer of  atmospheric  oxygen  through 
the  bulk  liquid  and  into  the  micro- 
organism, mass  transfer  of  product 
material  out  of  the  micro-organism 
into  the  bulk  liquid,  heat  transfer  for 
removal  of  metabolic  heat,  the  control 
system  desired,  and  scale-up.  Inten- 
sive research  is  probing  these  areas  to 
make  such  operations  more  efficient 
and  affordable. 

Bioreactors.  Bioreactors  are  class- 
ified as  batch  reactors  or  continuous 
reactors.  Batch  reactors  produce  a  va- 
riety of  products,  such  as  beer,  bread 
and  pickles.  They  are  especially  im- 
portant in  facilities  producing  a  wide 
variety  of  high-value,  low-volume  fer- 
mentation products.  They  also  are  rel- 
atively easy  to  maintain  in  disease- 
free  condition  because  the  run  time  is 
relatively  short,  1  to  2  days,  compared 
to  run  times  of  several  months  for 
continuous  reactors.  Their  main  dis- 
advantages are  extra  operating  costs 
and  low  productivity. 
Continuous  reactors  fall  into  three 
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main  groups:  1)  chemostats;  2)  tower 
fermentors,  and  3)  immobilized  cell 
bioreactors.  The  chemostat  is  bke  a 
batch  reactor  except  it  has  a  continu- 
ous feed  stream  and  a  continuous 
product  draw-off  stream.  The  volume 
is  maintained  constant  by  matching 
the  feed  stream  rate  to  the  product 
stream  rate.  The  main  disadvantage  is 
the  loss  of  unconverted  feed  and  nu- 
trient components  in  the  product 
draw-off  stream. 

The  tower  fermentor  generally  op- 
erates by  injecting  air  at  the  bottom 
of  a  tower  and  relies  on  the  upflow  of 
the  gas  to  provide  continuous  agita- 
tion. The  organism  is  carried  around 
in  the  fermentor  and,  as  a  result,  en- 
counters a  variety  of  changing  condi- 
tions. Placement  of  feed  points,  in- 
cluding air  inlets,  must  be  designed 
to  minimize  these  extremes.  The 
product  is  continuously  withdrawn, 
and  the  design  requires  location  of 
the  draw-off  point  to  minimize  loss  of 
nutrients  and  carbon  source 
substrate. 

The  immobilized  cell  bioreactor,  the 
newest  type,  traps  whole  cells  in  an 
inert  carrier  or  matrix  that  allows  nu- 
trients and  oxygen  to  enter  and  prod- 
ucts to  leave  without  releasing  the 
whole  cell.  Individual  enzymes  also 
have  been  immobilized  on  materials 
such  as  ceramic  beads  of  ion-ex- 
change resins  and  gels  with  signifi- 
cant success.  The  most  notable  com- 
mercial application  is  the  production 
of  high-fructose  corn  syrup. 

Several  problems  must  be  overcome 
for  a  significant  expansion  of  immobi- 
lized whole  cell  reactors,  including 
prevention  of  clogging  of  the  matrix 
and  maintenance  of  the  cells  for  ex- 
tended periods.  Immobilized  cell  or 
enzyme  reactors  provide  one  of  the 
most  promising  areas  for  fermentor 
development. 

Scale-up  Research.  Scale-up  is 
perhaps  the  most  critical  issue  when 
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Research  will  increase  the  role  ot 
biotechnology  in  production  of  food 
products  from  animal  and  plant  sources. 

a  new  process  is  to  be  commercial- 
ized. 

This  topic  is  as  old  as  the  first  en- 
trepreneur who  wanted  to  increase 
plant  production  by  increasing  the 
size  of  equipment.  The  approach  to 
scale-up  often  used  in  the  past  relied 
on  geometric  similarity,  trial  and  error 
techniques,  and  a  "make  do"  philoso- 
phy. With  the  potential  for  biotech- 
nology, these  techniques  are  no 
longer  adequate,  and  scale-up  has 
been  a  research  topic  of  great  inter- 
est. Biotechnology  encourages  a 
closer  examination  of  all  the  rate- 
limiting  steps,  rather  than  simply 
adding  physical  capacity. 

Separation 
Technologies 

Frequently  the  products  of  biotech- 
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nology  remain  a  part  of  the  product 
itself  as  in  the  case  of  yeast  in  bread- 
making  or  micro-organisms  in  cheese. 
In  other  cases,  the  product  is  re- 
moved from  the  micro-organism  or 
reaction  medium  by  a  series  of  sepa- 
ration technologies.  The  separation 
area  of  a  biotechnology  plant  may  be 
extensive  depending  on  the  product 
and  its  intended  use.  It  also  depends 
on  whether  the  product  is  extracellu- 
lar or  intracellular. 

Extracellular  products  are  usually 
proteins  or  other  organic  molecules 
dissolved  in  the  fermentation  broth. 
They  are  often  present  in  low  concen- 
tration, and  require  an  initial  concen- 
trating step  before  purification.  Extra- 
cellular products  also  tend  to  be 
unstable. 

Intracellular  products  are  usually 
large  molecules  retained  inside  the 
organism.  Transfer  of  nutrients  into 
the  cell  is  either  by  active  or  passive 
transport.  Passive  transport  takes 
place  by  simple  diffusion  or  osmosis 
of  the  substance  through  the  semi- 
permeable membranes  of  the  cell 
wall.  Active  transport  is  a  mechanism 
whereby  a  substance  that  cannot 
penetrate  a  cell  attaches  itself  to  a 
carrier  that  has  the  ability  to  pene- 
trate and  they  both  go  through  the 
cell  membrane. 

Cell  Disruption.  Separation  of  in- 
tracellular products  begins  with  cell 
disruption  resulting  in  release  of  the 
desired  product.  These  types  of  prod- 
ucts have  become  more  important 
with  advances  in  genetic  engineering. 
There  are  chemical  and  mechanical 
cell  disruptions.  Chemical  methods 
include  alkalai  treatment,  enzymatic 
detergent  treatment  and  osmotic 
shock.  Mechanical  methods  include 
liquid  shear,  solid  shear  and  agitation 
with  abrasives. 

Of  these  techniques,  only  liquid 
shear  and  agitation  with  abrasives 
have  the  potential  for  wide  use  in  in- 
dustry. The  homogenizer  has  been 


adapted  for  liquid  shear  disruptions 
and  is  used  in  well  over  half  of  all 
large-scale  installations.  The  high- 
speed bead  mill  was  originally  devel- 
oped by  the  paint  industry  for  grind- 
ing and  dispersing  pigments  and  has 
been  adapted  for  cell  disruption  in 
about  10  percent  of  the  large-scale 
plants.  The  remaining  30  to  40  per- 
cent use  a  variety  of  chemical  and 
specialized  mechanical  methods. 

Several  factors  govern  the  method 
of  choice  for  cell  disruption  including 
characteristics  of  the  micro-organism 
(e.g.  gram-positive  bacteria  are  nor- 
mally more  resistant  to  disruption 
than  gram-negative  bacteria),  location 
of  the  desired  product  within  the  cell, 
and  sensitivity  of  the  product  to  heat 
and  shear. 

Product  Separation— Tradi- 
tional Methods.  Once  the  cell  has 
been  disrupted,  the  desired  product 
must  be  separated  from  the  cell  de- 
bris. Techniques  for  accomplishing 
this  step  rely  on  methods  for  separat- 
ing solids  from  liquids.  Requirements 
for  separation  usually  fall  into  four 
categories:  1)  separation  of  whole 
cells  from  fermentation  broth;  2)  re- 
moval of  cell  debris  from  a  homoge- 
nate  stream;  3)  separation  of  protein 
precipitates  from  a  supernatant,  and 
4)  separation  of  solid  absorbent  from 
a  supernatant.  A  supernatant  is  usu- 
ally the  clear  liquid  overlying  material 
deposited  by  settling,  precipitation,  or 
centrifugation. 

Centrifugation  and  nitration  tech- 
niques are  the  practical  separation 
methods  for  each  of  these  require- 
ments. Both  techniques  are  strongly 
influenced  by  size  of  the  particles  to 
be  separated.  Most  biotechnology 
centrifuges  run  batch-wise,  and  the 
new  machines  typically  develop 
14,000-15,000  times  the  force  of 
gravity. 

Filtration  techniques  have  been 
used  in  a  wide  variety  of  biological 
separations,  and  all  rely  on  pressure 


50 


BIOTECHNOLOGY:  ITS  APPLICATION  IN  THE  MICROBIAL  WORLD 


Research  for  Tomorrow 


differentials  to  overcome  the  resist- 
ance of  the  filter  and  accumulated 
cake  (layer  of  solids)  to  the  liquid 
flow  through  the  system.  Traditional 
filtration  methods  commonly  used  in 
bioprocesses  include  filter  presses  and 
various  types  of  rotary  drum  filters. 

The  filter  press  is  a  batch  unit  with 
main  advantages  of  simple  operation 
and  low  cost.  Filter  cloth  is  used  to 
retain  the  solids  while  the  permeate 
flows  through. 

Rotary  drum  filters  are  continuous 
and  much  more  complex  than  the  fil- 
ter press.  The  most  common  version 
uses  a  vacuum  inside  a  hollow  drum 
that  either  rotates  in  a  trough  con- 
taining the  feed  materials  or  has  the 
feed  sprayed  on  top.  This  technique  is 
used  to  recover  yeast  and  mycelia 
from  fermentation  broths.  For  bacte- 
rial fermentation  broths,  the  filter 
cloth  is  usually  precoated  with  filter 
aid,  usually  diatomite. 

Intensive  Research  on  Mem- 
brane Systems.  The  most  rapidly 
advancing  area  of  filtration  technol- 
ogy is  in  membrane  systems — micro- 
filtration,  ultrafiltration,  and  reverse 
osmosis.  Microfilters  have  the  largest 
pore  size  and  will  retain  particles  as 
small  as  0. 1  microns.  They  will  not 
retain  soluble  proteins.  Ultrafilters 
can  retain  soluble  proteins  with  mo- 
lecular weights  as  small  as  a  few 
thousand. 

Reverse  osmosis,  often  referred  to 
as  hyperfiltration,  is  the  highest  level 
of  filtration.  It  retains  not  only  soluble 
proteins  but  also  dissolved  salts  and 
small  organic  molecules. 

Electrodialysis  is  a  membrane  proc- 
ess that  could  see  increased  applica- 
tion in  bioprocessing.  The  process 
employs  semipermeable  ion-exchange 
membranes  that  are  impervious  to 
water.  The  separation  is  electrically 
driven  in  contrast  to  filtration  which 
is  pressure  driven. 

Of  the  three  types  of  membrane 
separation  processes,  ultrafiltration  is 


experiencing  the  most  intensive  re- 
search and  will  have  the  most  far 
reaching  impact  on  biotechnology.  Di- 
afiltration,  an  alternative  method  of 
operating  ultrafiltration  processes, 
also  is  of  interest.  In  diafiltration,  a 
solvent,  usually  water,  is  added  to  the 
feed  to  wash  out  contaminants  not  re- 
tained by  the  membrane. 

A  severe  limitation  in  application  of 
membrane  processes  is  membrane 
fouling.  Membrane  fouling  results  in 
a  loss  of  membrane  permeability  and 
can  arise  from  a  variety  of  conditions. 
This  is  an  area  of  active  current 
research. 

Purification  Operations 

Protein  precipitation  is  one  of  the  old- 
est methods  of  recovering  and  purify- 
ing proteins.  A  wide  variety  of  precip- 
itation methods  have  been  developed, 
based  on  adjusting  system  tempera- 
ture, ionic  strength,  acidity,  and  di- 
electric constant.  These  techniques 
have  been  used  successfully  on  a 
large  scale  to  concentrate  proteins  but 
are  not  particularly  effective  for  sepa- 
rating one  protein  from  another. 

Purification  of  biotechnological 
products  is  most  commonly  done  us- 
ing chromotography  techniques.  Sep- 
aration and  purification  are  based  on 
molecular  properties  such  as  size,  net 
ionic  charge,  shape  or  polarity.  Chro- 
matography is  normally  carried  out  in 
packed  columns  where  the  nature  of 
the  selected  packing  determines 
which  molecular  property  forms  the 
basis  of  the  purification.  Currently, 
high  performance  liquid  chromatogra 
phy  is  receiving  considerable  atten- 
tion as  a  highly  efficient,  cost- 
effective  method  for  commercial  puri- 
fication of  biotechnological  products. 
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The  Future  of 
Biotechnology 
in  Food 
Processing 

Susan  K.  Harlander,  assistant 
professor,  Department  of  Food 
Science  and  Nutrition,  University 
of  Minnesota,  St.  Paul,  and  Richard 
G.  Garner,  food  scientist, 
Cooperative  State  Research  Service 

By  the  year  2000  the  worldwide 
market  for  biotechnology-derived 
food  and  agricultural  products  could 
be  valued  at  tens  to  hundreds  of  bil- 
lions of  dollars.  The  results  of  the 
rapid  pace  of  biological  research  since 
1970  indicate  that  we  are  only 
scratching  the  surface  of  the 
potential. 

We  define  biotechnology  broadly,  as 
the  use  of  biological  systems,  includ- 
ing micro-organisms  or  components 
produced  by  micro-organisms,  in  in- 
dustrial processes.  Micro-organisms 
have  been  used  in  food  preparation 
for  centuries  to  preserve  and  trans- 
form raw  agricultural  commodities 
into  edible  products  for  human 
consumption. 
Fermentation  of  milk,  meat  and 


fish,  fruits  and  vegetables,  and  cereal 
grains  by  micro-organisms  creates 
products  which  contribute  to  the  fla- 
vor, texture  and  keeping  quality  of 
food,  suppress  the  growth  of  disease 
and  spoilage  organisms,  and  enhance 
the  nutritional  quality  of  the  final 
product.  Fermentation  is  the  use  of 
enzymes  produced  by  micro-orga- 
nisms to  change  an  organic  com- 
pound into  other  substances  such  as 
carbon  dioxide  and  alcohol.  Fermen- 
tation technology  also  has  been  used 
for  the  microbial  production  of  en- 
zymes, amino  acids,  vitamins,  and  a 
host  of  other  components  used  as 
food  ingredients,  nutritive  supple- 
ments, and  food  processing  aids. 

In  essence,  the  food  processing  in- 
dustry was  practicing  biotechnology 
long  before  it  was  recognized  as  a 
distinct  and  revolutionary  scientific 
discipline. 

One  facet  of  biotechnology  of  par- 
ticular application  in  the  food  indus- 
try is  genetic  engineering.  This  tech- 
nique is  used  in  the  laboratory  to  alter 
the  genetic  material  of  living  cells  so 
that  they  can  produce  more  or  differ- 
ent chemicals  or  perform  new  func- 
tions. It  will  have  a  profound  impact 
on  agriculture  and  traditional  food 
processing  because  of  the  tremendous 
potential  for  genetic  improvement  of 
plants,  animals  and  micro-organisms. 

The  interface  between  biotechnol- 
ogy and  food  processing  was  explored 


Forecasts  on  Size  of  Worldwide  Market  for  Biotechnology 
Agriculture  and  Food  Processing  Products 


Source 


Year 


$  (in  millions) 


Arthur  D.  Little 

Business  Communications  Co. 
Policy  Research  Corp. 
Predicasts,  Inc. 

Strategic,  Inc. 

T.A.  Sheets  &  Company 


1990 

2,000-4,000 

1990 

430 

2000 

50,000-100,000 

1985 

6,200 

1995 

101,000 

1990 

4,500 

2000 

9,500 

2000 

21,300 
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in  October  1985  at  an  International 
Symposium,  Biotechnology  in  the 
Food  Processing  Industry,  cospon- 
sored  by  the  Department  of  Food  Sci- 
ence and  Nutrition  and  the  Agricul- 
tural Experiment  Station  at  the 
University  of  Minnesota,  and  the  Co- 
operative State  Research  Service  of 
the  U.S.  Department  of  Agriculture 
(USDA). 

Now  let  us  focus  on  the  manipula- 
tion of  micro-organisms  in  the  pro- 
duction of  food  additives  and  process- 
ing aids,  and  their  role  in  the 
development  of  value-added  technol- 
ogy, improved  processing  methods, 
and  more  efficient  use  of  food  proc- 
essing wastes.  Many  examples  are 
from  the  symposium  proceedings. 

Food  Additives  and 
Processing  Aids 

Some  of  the  products,  including  en- 
zymes, amino  acids,  vitamins,  organic 


acids,  and  certain  complex  carbohy- 
drates and  flavoring  agents  used  in 
food  formulation  are  currently  pro- 
duced by  microbial  fermentation.  In 
the  future,  biotechnology  will  be  used 
to  design  micro-organisms  capable  of 
producing  these  high-value  additives 
more  efficiently  and  cost  effectively. 
In  addition,  advances  in  large-scale 
fermentation  systems  and  bioprocess 
design  will  optimize  recovery  and 
downstream  processing  of  microbial 
products.  All  of  these  will  have  a  pro- 
found impact  on  the  food  industry. 

Some  food  ingredients  are  extracted 
from  plant  material  or  synthesized 
chemically  (i.e.,  gums,  flavors,  pig- 
ments). In  the  future  it  will  be  possi- 
ble to  transfer  the  genetic  ability  of 
the  plant  to  synthesize  certain  flavors, 
pigments  or  complex  carbohydrates 
into  food-grade  micro-organisms.  This 
transfer  will  allow  commercial  pro- 
duction of  these  high-value  food  addi- 
tives via  fermentation  processes. 


Biotechnology  Products  for  the  Food  Industry 


Product 


Use 


Enzymes 

amylase 

isomerase 

rennet 

proteases 

pullulanase 
Organic  acids 

citric  acid, 

benzoic,  propionic  acid 
Amino  acids 

methionine,  lysine,  tryptophan 

aspartic  acid,  phenylalanine 
Vitamins 
Low  calorie  products 

aspartame,  thaumatin,  monellin 

modified  fatty  acids  and  triglycerides 
Microbial  polysaccharides 
Flavors  and  pigments 
Single  cell  protein 


High  fructose  corn  syrup 

Cheesemaking 
Meat  tenderizer 
"Lite"  beer 

Acidulant 

Food  preservative 

Nutritional  supplement 
Aspartame  production 
Nutritional  supplement 

Non-nutritive  sweeteners 
Food  additives  and  cooking  oil 
Stabilizers,  thickeners,  gelling  agents 
Flavoring  and  coloring  agents 
Animal  and  human  food  supplement 
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Enzymes.  The  food  processing  in- 
dustry is  currently  the  largest  con- 
sumer of  industrial  enzymes,  making 
up  about  40  percent  of  a  $400  million 
market.  An  enzyme  is  a  complex  pro- 
tein produced  by  living  cells  that 
helps  a  chemical  reaction  along  with- 
out itself  being  changed.  Enzymes 
are  added  during  food  processing  to 
control  texture  or  appearance,  en- 
hance nutritive  value,  and  generate 
desirable  flavors  and  aromas. 

Future  application  of  biotechnology 
will  involve  enzyme  engineering- 
changing  the  primary  structure  of  an 
enzyme.  Such  changes  may  alter  tar- 
get specificity,  acidic  condition,  or 
thermostability.  Enzyme  engineering 
can  be  used  to  "tailor-make"  enzymes 
to  function  best  in  commercial  food 
processing  systems. 

Immobilized  enzyme  technologies 
have  been  developed  for  the  produc- 
tion of  high  fructose  corn  syrup,  and 
will  have  broad  application  in  proc- 
essing other  foods.  Immobilization  of 
an  enzyme  increases  its  stability,  al- 
lows easy  separation  of  the  product 
from  the  enzyme,  and  so  facilitates  its 
recycling. 

In  the  future,  immobilized  enzymes 
will  replace  batch  fermentations  for 
producing  amino  acids,  aspartic  acid 
and  tryptophan,  and  the  non-nutritive 
sweetener,  aspartame.  Immobilization 
of  rennet,  the  enzyme  that  coagulates 
milk  during  cheesemaking,  or  lactase, 
the  enzyme  which  cleaves  lactose  to 
glucose  and  galactose,  could  speed 
the  development  of  innovative  contin- 
uous processing  methods  in  the  dairy 
fermentation  industry. 

Low  Calorie  Foods.  The  current 
trend  toward  a  more  health-  and  nu- 
trition-conscious lifestyle  has  encour- 
aged the  development  of  low  calorie 
foods.  The  non-nutritive  sweetener 
market  has  been  predicted  to  reach 
$500  million  by  the  year  2000. 

A  new  class  of  compounds  called 
taste-active  proteins  functions  as 


sweeteners  and  flavor  modifiers  and 
includes  compounds  such  as  aspar- 
tame, thaumatin,  and  monellin.  The 
gene  which  codes  for  the  protein 
thaumatin  has  been  isolated  and 
characterized.  Transfer  of  this  gene 
into  bacteria  would  allow  the  produc- 
tion of  thaumatin  via  fermentation.  If 
engineered  into  plants,  new  and 
unique  foods  could  be  developed. 

Another  application  of  biotechnol- 
ogy in  low  calorie  food  production  is 
the  development  of  low  calorie  fats 
and  oils.  Genetically  inducing  the 
production  of  shorter  chain  fatty  acids 
in  soybean  or  rapeseed  would  speed 
the  development  of  a  low  calorie  veg- 
etable oil.  The  market  for  this  oil 
could  reach  $2  billion  a  year  by  the 
end  of  the  next  decade. 

Natural  Food  Products.  An- 
other consumer  trend  is  the  demand 
for  natural  food  products.  Natural  fla- 
vors and  colors  elicit  a  higher  price 
than  their  synthetic  counterparts,  as 
the  supply  of  these  natural  additives 
is  highly  dependent  upon  favorable 
environmental  conditions  for  growing 
the  plant  and  efficient  and  safe  ex- 
traction procedures.  Numerous 
strains  of  bacteria,  yeast,  and  mold 
can  produce  flavors  and  colors  of  in- 
terest to  the  food  processing  industry. 
An  understanding  of  the  metabolic 
pathways  and  the  specific  proteins 
and  enzymes  responsible  for  the  syn- 
thesis of  these  compounds  will  allow 
the  future  development  of  more  con- 
sistent and  cost-effective  production 
methods. 

Value-added  Technology 
and  Waste  Management 

A  major  concern  in  the  food  process- 
ing industry  is  the  development  of 
methods  to  convert  inedible  plant  ma- 
terials and  waste  materials  into  new 
value-added  products.  Each  year  the 
cheese  industry  generates  billions  of 
pounds  of  whey  that  must  be  dis- 
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posed  of.  Ultrafiltration  has  provided 
the  cheesemaker  with  a  means  of 
concentrating  the  protein  component 
of  whey  into  a  value-added  item  with 
significant  dollar  value.  Some  solids, 
however,  have  a  negative  market 
value  because  it  costs  money  to  get 
rid  of  them. 

A  recently  developed  bioconversion 
system  employing  selected  strains  of 
yeast  can  convert  these  solids  to  as- 
corbic acid  with  a  market  value  of 
about  $10  per  kilogram. 

Certain  strains  of  yeast  can  produce 
terpenes  which  impart  a  characteris- 
tic grape  aroma  and  the  odor  of  oils  of 
interest  in  the  wine  and  food  indus- 
tries. Because  these  strains  use  the 
lactose  in  whey  as  a  sole  carbon 
source,  they  could  be  used  in  fermen- 
tation systems  to  produce  flavor  com- 
ponents. The  yeast  biomass  could  be 
dried  and  used  as  single-cell  protein 
supplements  in  animal  feed. 

Enzymatic  treatment  of  food  proc- 
essing waste  streams  could  produce 
materials  readily  metabolized  by  mi- 
cro-organisms genetically  engineered 
to  produce  antibiotics,  hormones,  or 
peptides  of  interest  in  the  pharma- 
ceutical or  chemical  industries.  In  the 
future,  environmental  and  economic 
concerns  will  necessitate  a  reduction 
of  food  processing  waste,  better  use  of 
raw  materials,  and  the  processing  of 
food  residuals  to  new  products  that 
have  value. 

Rapid  Detection 
Methods 

Ensuring  the  safety  of  our  food  sup- 
ply is  an  integral  part  of  the  food 
processing  industry.  Classical  micro- 
biological techniques  for  the  enumer- 
ation and  identification  of  disease 
agents  and  their  toxins  in  foods  are 
not  always  reliable  and  are  often  slow. 
Foods  can  already  be  in  the  market- 
place before  results  are  available.  Bio- 
technology has  been  used  to  develop 
sensitive,  reliable,  and  rapid  detection 


Cheese  plant  worker  adds  rennett  to  milk; 
immobilization  of  rennett  could  improve 
cheesemaking  methods. 


methods  to  expedite  this  process. 

One  method  involves  DNA — deoxy- 
ribonucleic acid,  the  molecular  basis 
of  heredity  in  many  organisms.  Spe- 
cific fragments  of  DNA  from  disease- 
causing  micro-organisms  that  code 
for  toxins  or  virulence  factors  have 
been  used  to  create  DNA  probes 
which  in  hybridization  analyses  can 
detect  those  organisms  in  foods. 

Commercial  test  kits  for  the  detec- 
tion of  Salmonella  are  available  and 
currrently  being  tested  in  field  trials. 

The  identification  of  antigens  by 
using  monoclonal  antibodies  (see 
other  articles  in  this  yearbook)  is  an- 
other valuable  tool  in  the  biological 
monitoring  of  food.  Monoclonal  anti- 
bodies have  been  used  to  detect  dis- 
ease-causing micro-organisms,  and 
they  also  help  detect  nonmicrobial 
components  of  food. 

In  the  future,  bioassays  employing 
DNA  probes  and  monoclonal  antibod- 
ies will  be  developed  for  a  host  of 
food-borne  disease  agents  and  be- 
come a  powerful  diagnostic  tool  for 
the  food  processing  industry. 
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Fermentations 

Larry  L.  McKay,  professor  of  food 
microbiology,  and  Kathleen  A. 
Baldwin,  assistant  scientist, 
Department  of  Food  Science  and 
Nutrition,  University  of  Minnesota, 
St.  Paul 


The  food  fermentation  industry  has 
tremendous  potential  for  growth 
and  diversification  as  a  result  of  the 
impact  of  biotechnology  on  the  pro- 
duction of  fermented  foods.  Biotech- 
nological  applications  are  endless,  but 
these  industries  will  have  to  integrate 
this  new  technology  into  their  long- 
term  goals.  The  impact  of  biotechnol- 
ogy on  the  industry  will  depend,  in 
part,  on  advances  in  genetically  ma- 
nipulating the  micro-organisms  in- 
volved in  producing  fermented  foods. 

Fermentations 

The  use  of  micro-organisms  in  food 
fermentations  is  a  significant  phase  of 
food  production.  (In  fermentation,  an 
enzyme  is  used  to  change  an  organic 
compound  into  other  substances  such 
as  carbon  dioxide  and  alcohol.)  Micro- 
organisms are  directly  involved  in  the 
successful  outcome  of  numerous  food 
production  processes  such  as  brew- 
ing, baking,  sausage  manufacture, 
fermentation  of  vegetable  material  for 
sauerkraut  and  pickles,  the  manufac- 
ture of  fermented  dairy  products,  and 
numerous  other  fermented  foods. 

In  recent  years,  plasmid  biology  has 
become  an  exciting  area  of  research 
with  respect  to  those  bacteria  in 
dairy,  meat,  and  vegetable  fermenta- 
tion processes  as  well  as  those  used 
for  silage  and  for  health  benefits. 

Plasmids  can  be  defined  as  small, 
circular  pieces  of  DNA  which  exist  in 
the  bacteria  cell  and  maintain  them- 
selves separate  from  the  chromosome. 


Certain  metabolic  properties  vital  for 
successful  dairy  fermentations  are  de- 
termined by  genes  carried  on  these 
plasmids.  Examples  would  be  the 
ability  to  use  milk  sugar  (lactose),  to 
degrade  milk  protein  (casein),  to  pro- 
duce butter  aroma,  to  produce  antag- 
onistic substances  against  disease- 
causing  and  spoilage  bacteria,  as  well 
as  to  resist  attack  by  bacterial  viruses. 

Genetic  Technology 

Recent  advances  in  genetic  research 
have  received  considerable  publicity, 
and  companies  based  on  this  new 
technology  are  springing  up  world- 
wide. Prospects  are  good  for  major 
advances  in  food  fermentation  tech- 
nology through  the  cloning  of  desira- 
ble genes  in  food  fermenting  bacteria, 
yeasts,  and  molds.  The  techniques 
used  are  highly  sophisticated  and  in- 
clude a  process  of  enzyme  surgery 
(wherein  the  genes  to  be  cloned  are 
inserted)  into  vector  DNA,  usually  a 
plasmid,  which,  in  turn,  is  introduced 
into  a  host  micro-organism  to  propa- 
gate new  genes.  To  apply  this  concept 
to  food  fermentation  organisms,  we 
need  an  indepth  understanding  of  the 
molecular  biology,  metabolism,  and 
plasmid  biology  of  these  bacteria. 

Acquiring  New  Strains 

The  potential  of  a  given  micro-orga- 
nism is  determined  by  the  nature  of 
the  genetic  material  contained  in  the 
individual  cells.  Access  to  the  large 
number  of  possible  variations  in  the 
expression  of  the  genetic  material  can 
be  made  by  several  approaches.  The 
first  is  the  isolation  and  selection  of 
strains  from  sources  in  nature — the 
primary  method  for  selecting  strains 
for  food  fermentations  since  the  turn 
of  the  century.  The  second  is  the  arti- 
ficial mutation  of  the  genetic  material 
of  existing  strains  followed  by  selec- 
tion of  desired  mutants. 
The  most  exciting  possibility  for  ob- 
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taining  new  strains  for  food  fermenta- 
tion processes  is  the  use  of  recombi- 
nant DNA  technology  to  construct  an 
organism  for  a  specific  process. 

Accelerated  Cheese 
Ripening 

The  application  of  genetic  engineer- 
ing techniques,  including  recombi- 
nant DNA  technology,  to  micro-orga- 
nisms used  in  food  fermentations 
could  improve  fermentation  effi- 
ciency, flavor,  texture,  nutritive  value, 
or  appearance  of  the  final  product. 
Such  applications  could  enhance  con- 
sumer acceptance  or  provide  eco- 
nomic savings  to  the  manufacturer. 

One  example  would  be  the  ripening 
of  Cheddar  cheese  in  which  a  storage 
period  of  6  to  12  months  is  required. 
Reducing  this  ripening  period,  which 
constitutes  a  major  proportion  of  the 


total  processing  cost  of  cheese,  has 
long  been  a  goal  of  the  cheese  indus- 
try. Since  milk  protein  degradation 
may  be  involved  in  cheese  ripening 
and  since  some  of  the  enzymes  used 
are  linked  to  plasmid  DNA,  the  genes 
for  different  enzymes  could  be  ex- 
changed between  strains,  and  the 
level  of  their  activity  controlled 
through  genetic  engineering  tech- 
niques. The  manipulation  of  existing 
bacterial  enzymes  or  the  introduction 
of  new  ones  from  nondairy  sources 
could  lead  to  strains  capable  of  accel- 
erating the  ripening  of  cheese. 

Antagonistic  Properties 

The  ability  of  many  food-fermenting 
micro-organisms  to  produce  antago- 
nistic compounds  other  than  organic 
acids  is  well  documented.  The  link- 
age of  the  ability  to  produce  some  of 


An  ultraviolet  system  detects  plasmid  DNA  molecules  that  control  characteristics  such 
as  butter  aroma  or  acid  production  in  dairy  product  fermentation. 


Fermentations 
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these  antagonistic  compounds  to  plas- 
mid  DNA  may  lead  to  the  construc- 
tion of  "super"-antagonistic-com- 
pound-producing  derivatives  through 
the  manipulation  of  existing  genes. 
Such  strains  may  have  considerable 
commercial  value.  In  addition,  the 
ability  to  transfer  the  genetic  factors 
controlling  inhibitory  substance  pro- 
duction to  other  desirable  bacteria 
may  ultimately  lead  to  construction  of 
strains  with  enhanced  antagonistic 
properties  against  food  spoilage  orga- 
nisms and  food-borne  pathogens. 
Such  strains  could  extend  the  shelf 
life  of  fermented  dairy  products  as 
well  as  other  food  items. 

Bacteriophage 
Sensitivity 

A  major  microbiological  problem  fac- 
ing the  dairy  fermentation  industry  is 
the  presence  of  bacteriophage — vi- 
ruses normally  present  in  the  envi- 
ronment. The  isolation  and  use  of 
phage-resistant  mutants  as  a  means 
of  circumventing  the  problem  is  now 
well  accepted  by  the  dairy  industry. 
Evidence  associating  plasmids  with 
phage  resistance  in  dairy  bacteria  is 
increasing.  Recent  developments  pro- 
vide a  genetic  mechanism  to  explain 
the  rapid  appearance  of  phage-sensi- 
tive  dairy  bacteria.  The  manipulation 
of  these  plasmids  by  genetic  engi- 
neering techniques  is  one  approach 
for  obtaining  phage-resistant  mutants 
for  commercial  purposes.  It  may  be 
possible  to  develop  phage-resistant 
strains  by  genetically  transferring  the 
appropriate  plasmid  to  selected 
phage-sensitive  strains  of  dairy  bacte- 
ria as  well  as  to  other  food-fermenting 
micro-organisms.  Also,  it  may  be  of 
value  to  combine  the  different  genetic 
components  for  phage  resistance  into 
a  single  strain  and  to  stabilize  the 
trait  by  incorporating  the  phage- 
resistance  genes  into  the  chromosome 
or  into  a  plasmid  present  in  high 
numbers  in  the  cell. 


Commercial  Culture 
Preparation 

Further  efforts  in  applying  genetics  to 
dairy  bacteria  could  be  helpful  in  de- 
veloping strains  more  suitable  for 
mass-culturing  techniques,  in  obtain- 
ing a  large  number  of  strains  for  use 
in  preparing  frozen  culture  concen- 
trates, or  in  developing  strains  for  use 
as  freeze-dried  or  spray-dried  culture 
concentrates. 

Additional  Applications 

The  development  of  efficient  gene 
transfer  systems  in  food-fermenting 
micro-organisms  will  open  new  ave- 
nues of  investigation  for  the  study  of 
gene  expression,  gene  regulation,  and 
plasmid  development  in  these  orga- 
nisms. Some  of  the  more  realistic  and 
potentially  beneficial  applications  in- 
clude: 1)  developing  naturally  pro- 
duced flavor  compounds  (pineapple, 
citrus,  grape-like,  peach,  banana) 
through  the  isolation  of  the  responsi- 
ble genes  and  transfer  of  the  genes  to 
yogurt  bacteria,  2)  developing  strains 
capable  of  converting  whey  into  a 
marketable  end-product  through  fla- 
vor and  texture  alterations  or  by  con- 
version into  a  high  value  end-product, 
3)  cloning  genes  coding  for  the  pro- 
duction of  proteins  with  sweetness 
qualities  so  that  addition  of  the  al- 
tered bacteria  would  lessen  the  need 
for  supplementary  sweeteners,  4)  de- 
veloping food-grade  organisms  into 
hosts  used  to  produce  medicinals  for 
human  use  (growth  hormones,  for 
example),  circumventing  the  need  for 
extensive  purification  when  nonfood- 
grade  organisms  are  used  as  the  host, 
and  5)  cloning  genes  beneficial  to  hu- 
man or  animal  health,  including  en- 
zymes and  nutritive  additives. 

Fermentation  of  Lactose 

Lactose  is  not  digested  well  by  a 
large  proportion  of  the  world's  popula- 
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tion  and  has  low  solubility  in  water, 
which  leads  to  problems  in  concen- 
trating whey  and  in  preparation  of 
certain  foods.  When  compared  to  su- 
crose, lactose  has  a  relatively  low 
level  of  sweetness.  These  problems 
can  be  overcome,  to  a  large  extent,  by 
breaking  down  lactose  to  its  simple 
sugars  which  are  more  digestible, 
sweeter,  and  more  soluble. 

The  enzyme,  p-galactosidase, 
breaks  down  lactose  to  glucose  and 
galactose.  Genetic  engineering  tech- 
niques could  be  used  to  improve  the 
ability  of  food-grade  organisms  to  fer- 
ment lactose  as  well  as  to  construct 
strains  which  produce  greater  quan- 
tities of  the  enzyme  p-galactosidase, 
to  be  used  commercially. 

Sausage  Manufacture 

The  manufacture  of  fermented  sau- 
sage also  depends  on  the  proper  ac- 
tivity of  lactic  acid  bacteria.  The  rapid 
production  of  lactic  acid  and  resulting 
increase  in  acidity  is  responsible  for 
the  characteristic  flavor  and  texture 
of  sausage  and,  more  importantly,  the 
inhibition  of  spoilage  and  disease-pro- 
ducing micro-organisms.  The  genus 
Lactobacillus  is  one  of  the  primary 
groups  of  bacteria  used  in  cured  and 
fermented  meats.  An  understanding 
of  the  physiology  and  genetics  of  the 
micro-organisms  involved  is  necessary 
before  developing  strains  for  use  as 
starter  cultures.  Recent  advances  in 
biotechnology  have  stimulated  inter- 
est in  applying  these  principles  to 
construct  new  strains  or  improve 
existing  strains  for  sausage 
manufacture. 

Fermentations  Using 
Yeasts 

Attempts  also  are  being  made  to  im- 
prove the  genetic  makeup  of  yeasts  in 
brewing  and  winemaking,  as  well  as 
in  the  baking  industry.  In  brewing, 
the  genetic  manipulation  of  yeast 


cells  has  improved  their  ability  to  fer- 
ment carbohydrates,  giving  rise  to 
"Lite"  beer  which  is  distinguished  by 
its  lower  carbohydrate  level.  The  mu- 
tation of  yeasts  for  winemaking  has 
resulted  in  strains  with  increased  al- 
cohol tolerance  and  strains  with  im- 
proved sedimentation  properties  nec- 
essary for  facilitating  separation  of 
yeasts  from  wine. 

The  baking  industry  also  is 
undergoing  technological  changes, 
and  yeasts  with  new  properties  are 
now  needed  for  faster  fermentation  of 
the  dough.  These  new  yeasts  with 
improved  biological  properties  would 
allow  improvements  in  the  baking 
industry. 

Starch  Hydrolysis 

Strains  of  lactic  acid  bacteria  that 
produce  the  enzyme  amylase  have  re- 
cently been  reported.  These  starch- 
hydrolyzing  strains  could  be  essential 
in  improving  fermentations,  especially 
in  Third  World  countries,  where 
starch  is  the  primary  carbohydrate 
source.  Studies  on  the  genetics  and 
plasmid  biology  of  these  strains  is  ur- 
gently needed  to  improve  strains  for 
use  in  many  food  fermentation  proc- 
esses throughout  the  world. 

Lactic  acid  bacterial  fermentations 
also  are  being  extended  to  nontradi- 
tional  raw  materials  for  production  of 
animal  or  human  food.  These  efforts 
need  to  continue  as  they  may  lead  to 
ways  of  converting  waste  material 
into  edible  food  sources. 

In  addition,  the  traditional  fer- 
mented foods  and  beverage  products 
produced  throughout  the  world  must 
be  studied  in  detail  with  respect  to 
the  micro-organisms  and  biochemical 
changes  involved.  It  is  anticipated 
that  these  traditional  fermented  foods 
will  play  an  increasingly  important 
role  in  the  food  supply  of  Third  World 
and  industrialized  countries  as  popu- 
lation levels  continue  to  increase. 


Fermentations 
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Soil  Microbes 
Could  Help 
Clean  the 
Environment 

Philip  C.  Kearney,  research  leader, 
Pesticide  Degradation  Laboratory, 
Beltsvilk  Agricultural  Research 
Center,  Agricultural  Research 
Service 


Pesticides,  nitrites,  and  soluble 
salts  are  all  potential  ground- 
water pollutants  if  not  properly  man- 
aged. Two  major  sources  of  ground- 
water pollution  result  from  the  exten- 
sive use  of  these  materials. 

The  first  source  results  from  the 
downward  movement  of  pesticides 
out  of  the  root  zone  and  through  the 
vadose  zone  (the  area  below  the  root 
zone  and  above  the  water  table), 
eventually  moving  into  ground  water. 
This  problem  results  from  the  normal 
use  of  agricultural  pesticides. 

A  second  major  source  of  ground- 
water pollution  results  from  disposal 
of  pesticide  wastewater  in  unlined  soil 
pits  or  from  any  form  of  ground  dis- 
posal in  an  uncontained  area. 

One  of  our  first  needs,  therefore,  is 
to  identify  the  contributions  that  each 
source  makes  toward  the  ground- 
water problems  and  take  appropriate 
technological  or  regulatory  actions  to 
alleviate  it. 

In  1986,  trace  amounts  of  23  differ- 
ent pesticides  were  detected  in 
ground- water  samples  from  16  differ- 
ent States.  This  number  probably  will 
increase  as  further  monitoring  studies 
are  begun  and  completed. 

Micro-organisms  in 
Cleanup 

Soil  micro-organisms  help  to  prevent 
extensive  movement  of  the  intact  pes- 


ticide out  of  the  root  zone.  But  mi- 
crobes are  not  infallible;  some  com- 
pounds are  not  readily  degraded 
because  of  environmental  factors  or 
lack  of  appropriate  genes  or  enzymes. 
If  carefully  manipulated,  selected, 
and  engineered,  however,  micro-orga- 
nisms could  play  a  major  role  in  solv- 
ing many  waste  disposal  problems. 

Over  the  past  four  decades,  we 
have  made  significant  progress  in 
identifying  the  soil  micro-organisms 
responsible  for  metabolizing  many  of 
the  organic  pesticides,  the  microbial 
enzymes  responsible  for  separating 
specific  bonds  in  the  molecule,  and 
the  products  resulting  from  these 
metabolic  reactions.  Moreover,  with 
the  advent  of  modern  molecular  biol- 
ogy, we  are  beginning  to  understand 
the  role  of  DNA  in  directing  the  syn- 
thesis of  specific  degradative 
enzymes. 

A  particular  type  of  DNA,  termed  a 
plasmid,  has  been  associated  with  the 
metabolism  of  several  specific  pesti- 
cides. These  circular  DNA  elements 
are  much  smaller  than  the  cell's 
chromosome  and  carry  specialized  ge- 
netic information  for  specific  biode- 
gradation  genes  that  may  not  be  pres- 
ent on  the  chromosome  genes. 
Plasmids  can  replicate  independently 
within  the  cell  but  cannot  exist  out- 
side it.  They  also  can  move  from  cell 
to  cell  in  certain  microbial  communi- 
ties and  transfer  these  genes  to  other 
micro-organisms. 

Plasmids  have  been  isolated  and 
characterized  for  the  initial  metabolic 
reactions  associated  with  the  herbi- 
cides 2,4-D  and  MCPA,  the  herbicides 
dalapon  and  TCA,  and  the  insecti- 
cides parathion,  diazinon,  and  couma- 
phos.  New  discoveries  of  pesticide-de- 
grading genes  will  increase  rapidly 
over  the  next  two  decades  as  we  learn 
more  about  DNA  in  the  diverse  soil 
microbial  flora. 

The  ability  to  manipulate  these 
genes  and  move  them  into  micro-or- 
ganisms more  readily  adaptable  to  the 
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conditions  that  often  make  waste  dis- 
posal difficult  holds  considerable 
promise  for  solving  some  potential 
pollution  problems. 

A  Unique  Cleanup 
Situation 

The  U.S.  Department  of  Agriculture's 
Animal  and  Plant  Health  Inspection 
Service  conducts  a  tick  control  pro- 
gram along  the  U.S. -Mexican  border. 
Cattle  are  dipped  in  large  vats  con- 
taining about  3,000  gallons  of  the  tick 
control  compound,  coumaphos.  About 
42  of  these  vats  are  refilled  with  for- 
mulated coumaphos  annually,  so  a 
large  amount  of  pesticide  wastewater 
is  generated  that  must  be  degraded. 
Normal  soil  micro-organisms  degrade 
coumaphos  too  slowly  to  be  useful. 
Some  classical  chemical  methods  of 
pesticide  disposal  also  did  not  provide 
a  simple  solution  to  the  problem.  But 
inoculating  a  very  active  Flovobacter- 
ium  sp.,  known  to  degrade  parathion 
rapidly,  direcdy  into  the  cattle  dip  so- 
lution resulted  in  a  complete  loss  of 
coumaphos  in  several  hours.  When  a 
field  trial  was  conducted  at  Laredo, 
Texas,  headquarters  for  the  Tick 
Eradication  Program,  680  gallons  of 
used  coumaphos  solution  were  de- 
stroyed within  48  hours.  The  enzyme 
responsible  is  parathion  hydrolase. 

Future  Research 

Considerable  attention  is  now  being 
focused  on  the  opd  gene  in  the  Flavo- 
bacterium  sp.  that  is  responsible  for 
producing  parathion  hydrolase.  Work- 
ing independently,  scientists  at  the 
Agricultural  Research  Service  and  the 
University  of  Texas  have  isolated  and 
described  the  gene  responsible  for  the 
synthesis  of  parathion  hydrolase. 
What  is  even  more  fascinating  is  that 
although  the  two  groups  worked  with 
different  micro-organisms  of  diverse 
origin,  the  gene  appears  to  be  the 
same. 


Microbiologist  studies  bacteria  that 
degrade  pesticides  at  the  ARS  Pesticide 
Degradation  Lab.  Researchers  have  found 
a  way  to  make  it  easier  for  soil  microbes 
to  detoxify  hazardous  wastes. 


The  gene  also  has  been  transferred 
successfully  to  other  bacteria  by  us- 
ing cloning  vector  plasmids  as  shut- 
des  for  moving  the  gene.  The  possi- 
bility exists,  therefore,  to  move  this 
valuable  gene  into  micro-organisms 
better  adapted  to  the  dip  vat 
environment. 

In  a  larger  context,  it  may  be  ad- 
vantageous to  move  this  and  other 
pesticide  degradative  genes  into  a  va- 
riety of  soil  micro-organisms  to  clean 
up  existing  problems  and  prevent 
future  pollution  of  our  natural 
resources. 


So/7  Microbes  Could  Help  Clean  the  Environment 
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Biotechnology 
and  Soilborne 
Plant 


George  C.  Papavizas,  plant 
pathologist,  and  Joyce  E.  Loper, 
microbiologist,  Soilborne  Diseases 
Laboratory,  Plant  Protection 
Institute,  Beltsville  Agricultural 
Research  Center,  Agricultural 
Research  Service 


The  soil  nourishing  the  crops  that 
provide  our  food  and  fiber  is  a 
complex  environment  where  microbes 
live  in  numbers  estimated  to  reach  2 
billion  per  ounce  of  soil. 

Millions  upon  millions  of  individual 
bacteria  and  fungi  live  on  root  sur- 
faces and  the  soil  particles  that  sur- 
round them.  Bacteria  are  the  smallest 
and  the  most  abundant.  The  fungi, 
usually  larger  than  bacteria,  are 
found  throughout  the  world,  not  only 
in  fertile  soils  but  also  in  deserts  and 
drylands,  in  polar  lands  and  mountain 
highlands,  and  in  forests  and 
marshes. 

Beneficial  Soil  Microbes 

Great  numbers  of  soil  microbes  are 
beneficial  to  humans  and  other  ani- 
mals, and  to  cultivated  plants.  They 
convert  atmospheric  nitrogen,  which 
plants  cannot  use,  to  ammonia  or 
other  useful  nitrogenous  compounds 
in  small  nodules  on  the  roots  of  leg- 
umes such  as  peas,  beans,  soybeans, 
and  clovers;  oxidize  chemicals  and 
assist  plants  in  absorbing  nutrients 
and  trace  elements  such  as  iron,  co- 
balt, manganese,  and  molybdenum 
from  soil;  and  decompose  plant  and 
animal  organic  matter  into  simpler  or- 
ganic products  that  plants  can  absorb 


and  use  to  sustain  their  growth.  Soil 
microbes  also  help  to  form  and  main- 
tain arable  soils  rich  in  complex  or- 
ganic materials  through  which  roots 
easily  grow  and  absorb  water  and  nu- 
trients. Were  it  not  for  microbial  ac- 
tivity to  transform  organic  matter  re- 
leased by  living  animals,  plants,  and 
microbial  cells  and  dead  organisms, 
nutrients  for  plants  would  be  locked 
away  from  them  in  large,  unmanage- 
able piles. 

Harmful  Soil  Microbes 

Harmful  molds  and  other  soil  fungi 
are  responsible  for  many  serious  root 
diseases  and  aboveground  diseases  of 
plants.  No  major  economic  crop  es- 
capes damage  from  soilborne  fungi 
and  bacteria.  Root  rots,  collar  rots, 
wilts,  seed  decay,  seedling  blights, 
fruit  rots,  root  browning,  and  damp- 
ing-off  take  a  heavy  toll  year  after 
year.  More  than  50  percent  of  the  to- 
tal estimated  annual  losses  of  eco- 
nomic crops  due  to  all  plant  diseases, 
or  about  $4  billion  annually  in  the 
United  States  alone,  are  caused  by 
soilborne  diseases. 

Many  plant  diseases  caused  by  soil- 
borne plant  pathogens  (disease-caus- 
ing organisms)  are  difficult  to  control 
by  conventional  procedures.  Plants 
with  resistance  to  most  diseases 
caused  by  harmful  soilborne  microbes 
have  not  yet  been  developed  by  scien- 
tists. Growers  currently  depend  on 
pesticides  to  fight  some  soiborne  dis- 
eases. Aside  from  the  environmental 
damage  caused  by  many  pesticides 
and  public  pressure  not  to  use  them, 
some  of  them  are  expensive,  difficult 
to  apply,  or  not  completely  effective 
against  soilborne  pathogens.  More- 
over, pesticides  may  indiscriminately 
kill  both  harmful  and  helpful  soil  mi- 
crobes or  present  a  health  risk  to  hu- 
mans and  animals.  Cultural  control 
methods  such  as  crop  rotation  may 
affect  soilborne  diseases  very  little 
since  the  pathogens  that  cause  them 
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attack  a  wide  range  of  crops  and  can 
live  in  soil  for  a  long  time. 

Biological  Control  Using 
Soil  Microbes 

Fortunately  for  our  crops  and  soil  en- 
vironment, every  ounce  of  soil  har- 
bors numerous  species  of  microbes, 
including  many  of  the  plant  patho- 
gens' natural  enemies.  These  natural 
enemies,  which  include  bacteria  and 
fungi,  could  be  exploited  to  reduce  or 
curb  the  diseases  caused  by  plant 
pathogens.  This  method  of  controlling 
plant  diseases  biologically  is  gaining 
in  stature  as  a  feasible  technology  of 
the  future. 

The  concept  and  practice  of  biologi- 
cal control,  or  biocontrol,  can  be  ad- 
vanced not  only  by  discovering  and 
using  new  disease-fighting  microbes, 
but  also  by  improving  their  effective- 
ness with  conventional  genetics  and 
modern  biotechnological  approaches 


such  as  genetic  engineering,  and  by 
improving  production  and  delivery 
systems. 

New  Strains  of  Biocontrol  Mi- 
crobes. Trichoderma  spp.  and  Tala- 
romyces  flavus  are  otherwise  harm- 
less soil  fungi  that  attack  certain 
soilborne  plant  pathogens,  reducing 
plant  disease.  We  developed  several 
new  strains  of  these  biocontrol  fungi 
by  mutating  natural  strains  with 
chemicals  and  ultraviolet  light.  Some 
of  the  new  strains  tolerate  high  con- 
centrations of  benomyl,  a  fungicide 
commonly  used  by  farmers  to  control 
soilborne  diseases.  Some  of  the  new 
strains  also  have  other  desirable  char- 
acteristics such  as  increased  ability  to 
curb  diseases,  good  survivability  in 
soil,  and  prolonged  shelf  life.  The 
combined  use  of  biocontrol  microbes 
with  low  dosages  of  pesticides  may  be 
an  effective  integrated  control  method 
until  purely  biological  methods  are 


Soil  microbes  help  transform  organic  matter  into  a  form  useful  to  plants. 


Biotechnology  and  Soilborne  Plant  Diseases 
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The  thread-like  hypha  of  the  beneficial 
fungus  Gliocladium  virens  coils  around 
and  destroys  the  Rhizoctonia  solani,  a 
soilbome  pathogen  that  attacks  more  than 
200  plant  species  (magnified  2,000  times). 


found.  New  pesticide- tolerant  strains 
are  well  suited  to  be  used  in  combi- 
nation with  various  soil  pesticides. 

Improved  Strains  of  Fungi 
and  Bacteria.  Another  approach  is 
the  genetic  manipulation  of  various 
strains  of  beneficial  fungi  and  bacte- 
ria to  develop  improved  strains  for 
more  effective  biocontrol.  For  exam- 
ple, the  desirable  characteristics  of 
two  fungal  strains  may  be  combined 
by  the  introduction  of  DNA  from  one 
strain  into  the  other.  Spores  or  the 
threadlike  hyphae  of  beneficial  fungi 
are  treated  with  enzymes  that  de- 
grade their  cell  walls,  resulting  in 
protoplasts — individual  cells  that  no 
longer  have  cell  walls.  Protoplasts  of 
two  strains  with  desirable  characteris- 
tics are  brought  together  to  fuse  and 
then  examined  to  find  new  desirable 
combinations.  Protoplasts  also  are 
useful  for  transformation,  a  process  in 
which  isolated  DNA  is  introduced 
mto  a  fungal  cell. 

In  the  future,  genes  involved  in  bi- 
ological control  may  be  cloned  and  in- 
troduced into  fungal  protoplasts  using 
transformation  procedures.  Although 


application  of  these  techniques  to  bio- 
control fungi  may  be  difficult,  their 
successful  use  with  other  fungi  justi- 
fies considerable  optimism  for  future 
success. 

The  tools  for  the  genetic  manipula- 
tion of  bacteria  are  more  developed 
than  those  for  fungi.  These  tools, 
most  highly  refined  for  the  bacterium 
Escherichia  coli,  also  have  been  ap- 
plied to  the  study  of  bacterial  strains 
with  biocontrol  activity  against  var- 
ious soilborne  and  foliar  plant  patho- 
gens. These  biocontrol  bacteria  repre- 
sent several  taxonomic  groups.  DNA 
can  be  isolated  from  these  bacteria, 
and  specific  DNA  fragments  can  be 
cloned  and  reintroduced  into  bacterial 
cells. 

New,  improved  bacterial  strains, 
with  increased  abilities  to  establish 
large  populations  on  plant  roots  or 
with  greater  antagonism  against  plant 
pathogens,  may  be  developed  using 
recombinant  DNA  techniques. 

How  Beneficial 
Microbes  Bring  About 
Biological  Control 

Scientists  believe  that  beneficial  fungi 
and  bacteria  reduce  or  curb  root  inju- 
ries and  other  diseases  caused  by  soil- 
borne  plant  pathogens  either  by  1)  di- 
rectly parasitizing  the  pathogen, 
eventually  curbing  its  action  or  de- 
stroying it;  2)  competing  with  the 
pathogen  for  nutrients  or  space;  or  3) 
producing  enzymes  or  other  sub- 
stances such  as  antibiotics  which  in- 
jure the  pathogen. 

Because  of  the  lack  of  precise  infor- 
mation on  the  mechanisms  of  biocon- 
trol action  of  most  of  the  beneficial 
microbes,  it  is  difficult  to  pursue 
cloning  and  recombinant  DNA  re- 
search to  engineer  biocontrol  mi- 
crobes with  enhanced  biocontrol 
characteristics,  or  to  produce  virulent 
genes  against  plant  pathogens.  If  we 
knew,  for  instance,  that  Trichoderma 
breaks  down  the  cell  walls  of  patho- 
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genie  fungi  with  a  specific  enzyme  or 
destroys  a  pathogen  with  a  specific 
antibiotic,  we  could  identify  the  genes 
that  encode  for  production  of  the  en- 
zyme or  antibiotic.  The  genetic  infor- 
mation could  then  be  transferred  to  a 
vector  (a  transporting  agent)  and 
then  used  to  transform  protoplasts  of 
strains  that  possess  other  desirable 
characteristics  such  as  tolerance  to 
pesticides,  ability  to  survive  in  soil, 
and  long  shelf  life.  Research  is  under 
way  to  identify  substances  produced 
by  biocontrol  fungi  that  may  be  di- 
rectly related  to  their  biocontrol  ac- 
tion. An  antifungal  substance  pro- 
duced by  the  biocontrol  fungus 
Talaromyces  flavus  has  already  been 
isolated.  This  substance  appears  to  be 
curbing  the  pathogenic  action  of  Ver- 
ticillium  dahliae,  one  of  the  world's 
worst  crop  pests. 

Identifying  Biocontrol 
Mechanisms 

The  most  immediate  contribution  of 
biotechnology  to  biological  control  is 
the  identification  of  mechanisms  in- 
volved in  the  antagonism  of  beneficial 
microbes  at  the  soil-root  interface. 
Scientists  can  now  use  a  system  of 
single-site  mutations  and  compare 
biocontrol  activity  of  parent  and  mu- 
tant strains  to  determine  the  impor- 
tance of  a  single  genetic  change. 

A  single-site  mutation  inactivating 
antagonism  will  produce  a  mutant 
strain  differing  from  its  parent  by  al- 
tering a  single  gene.  The  antagonism 
of  this  mutant  can  be  compared  with 
that  of  the  parent  strain  at  the  soil- 
root  interface,  confirming  or  discount- 
ing the  importance  of  this  gene  in 
biocontrol.  If  the  mutant  is  less  effec- 
tive than  the  parent  in  biocontrol,  the 
genes  can  be  cloned  from  the  wild 
type  and  reintroduced  into  the  mu- 
tant, restoring  its  antagonistic  activ- 
ity, or  it  can  be  moved  into  other 
strains.  Several  antifungal  compounds 
have  been  identified  with  this  type  of 


genetic  study. 

Other  areas  of  biotechnology  pro- 
vide equally  powerful  approaches  for 
understanding  biocontrol  mecha- 
nisms. For  example,  monoclonal  anti- 
bodies offer  a  new  tool  for  specifically 
detecting  the  presence  of  antibiotics 
produced  by  biocontrol  organisms  at 
the  soil-root  interface. 

Understanding  the  precise  mecha- 
nisms by  which  biocontrol  agents 
function  in  a  soil  environment  is  pre- 
requisite to  further  genetic  studies 
enhancing  biocontrol  activity.  Bio- 
technology offers  promise  for  identifi- 
cation of  the  specific  genes  involved 
in  biocontrol. 

Production  and  Delivery 
Systems 

The  last  30  to  40  years  have  seen 
considerable  progress  in  fungal  tech- 
nology for  the  large-scale  production 
of  industrial  products.  Similar  tech- 
nology for  biocontrol  microbes  is  not 
well  developed.  If  widespread  control 
is  to  be  achieved  with  beneficial  mi- 
crobes, inexpensive  fermentation 
technology  must  be  developed  to 
mass-produce  them. 

Recendy,  we  have  developed  in  the 
Beltsvfile  laboratory  deep-tank  fer- 
mentation for  biomass  production  of 
biocontrol  microbes  simulating  large- 
scale  industrial  production.  In  con- 
trast to  solid  fermentation,  deep-tank 
fermentation  is  the  technological  ap- 
proach most  likely  to  be  useful  in 
biocontrol. 

A  recent  development  in  delivery 
technology  that  may  revolutionize  the 
way  to  apply  biocontrol  microbes  in 
the  field  for  control  of  soilborne  plant 
pathogens  involves  encapsulation  of 
bacterial  cells,  fungal  spores,  or  my- 
celium of  beneficial  microbes.  Scien- 
tists are  incorporating  various  biocon- 
trol microbes  into  alginate  pellets  or 
other  seed  or  soil  treatments  that  are 
compatible  with  conventional  agricul- 
tural practices. 
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Gametes,  Embryos,  and 
Fetuses 

Animals  pass  on  their  genetic  charac- 
teristics to  the  next  generation  via 
cells  called  gametes,  sperm  for  the 
male  and  eggs  or  oocytes  for  the  fe- 
male. An  embryo  is  formed  when  an 
oocyte  is  fertilized  by  a  sperm,  and 
development  of  a  new  animal  begins. 

About  every  20  hours,  embryonic 
cells  duplicate  their  genes  and  divide, 
progressing  through  the  2-,  4-,  8-, 
and  16-cell  stages,  etc.  The  embryo 
floats  freely  in  the  lumen  of  the  fe- 
male reproductive  tract  for  the  first  1 
to  4  weeks  depending  on  the  species, 
and  then  it  attaches  to  the  lining  of 
the  uterus,  a  process  called  implanta- 
tion. The  embryo  is  termed  a  fetus 
when  recognizable  organs  form  such 
as  the  brain  and  heart. 

The  sperm,  the  oocyte  before  fertil- 
ization, and  the  embryo  before  im- 
plantation all  can  be  removed  from 
the  reproductive  tract  for  various 
biotechnological  purposes  without 
damaging  them.  This  has  led  to  the 
development  of  such  techniques  as 
artificial  insemination,  in  vitro  (out- 
side the  body)  fertilization,  and  em- 
bryo transfer,  which  is  the  replace- 
ment of  the  embryo  into  the  female 
reproductive  tract  for  gestation  to 
term. 


Availability  of  Gametes 
and  Embryos 

Nature  has  gone  to  great  lengths  to 
insure  that  animals  reproduce.  For 
example,  each  male  of  most  farm  ani- 
mal species  produces  trillions  of 
sperm  each  year,  yet  under  natural 
conditions  sires  only  a  few  dozen  off- 
spring per  year.  Fertilization  of  each 
ovum  requires  only  one  sperm.  Fe- 
male farm  animals  usually  produce  a 
few  offspring  (with  swine  a  few  lit- 
ters) in  their  lifetime,  yet  their  ovaries 
contain  hundreds  of  thousands  of 
oocytes.  The  unused  oocytes  degener- 
ate within  the  ovaries  at  a  rate  of  sev- 
eral dozen  each  day. 

One  major  principle  of  biotechnol- 
ogy is  to  take  advantage  of  the  huge 
numbers  of  sperm  and  oocytes  from 
genetically  superior  animals  that  ordi- 
narily would  be  wasted  by  degenera- 
tion of  oocytes  and  loss  of  sperm  in 
urine. 

Characteristics  of 
Gametes  and  Embryos 

The  oocyte  is  the  largest  cell  in  the 
body,  but  a  microscope  still  is  re- 
quired to  observe  it  because  it  is  only 
1/200  of  an  inch  in  diameter.  The 
sperm  is  one  of  the  smallest  cells  in 
the  body,  about  1/6000  of  an  inch  in 
diameter.  By  the  end  of  the  first  week 
of  development,  the  embryo  grows  to 
more  than  100  cells,  but  it  remains 
about  the  same  size  as  the  oocyte  at 
fertilization.  Thus,  the  embryonic 
cells  get  smaller  and  smaller  during 
the  first  cell  divisions. 

Gametes  and  embryos  are  quite  re- 
silient to  manipulation  in  vitro  pro- 
vided that  a  proper  environment  is 
maintained.  Sperm  are  kept  in  vitro 
for  up  to  several  days,  and  we  are 
slowly  learning  to  keep  embryos 
healthy  in  vitro  throughout  the  pre- 
implantation  period. 
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Superovulation  of  donor 
with  gonadotropins 


Artificial  insemination  (5  days 
after  initiating  superovulation) 


Nonsurgical  recovery  of  embryos  (6- 
8  days  after  artificial  insemination) 


f=\ 


Foley  catheter  for 
recovery  of  embryos 


Isolation  and  classifi- 
cation of  embryos 


Storage  of  embryos  indefinitely 
in  liquid  nitrogen  or  at  37°C 
or  room  temperature  for  1  day 


-^ 


Transfer  of  embryos  to  recipients 
surgically  or  nonsurgically 


Pregnancy  diagnosis  by  palpation 
through  the  rectal  wall  1  -  3 
months  after  embryo  transfer 


Birth  (9  months  after 
embryo  transfer) 
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Genetically  identical  twin  calves  were  produced  by  splitting  a  single  embryo. 


Biotechnology 
Techniques  for  Gametes 
and  Embryos 

Recovery  and  Transfer.  Sperm 

are  collected  with  a  device  called  an 
artificial  vagina.  Depending  on  the 
species  and  other  factors,  oocytes  and 
embryos  are  collected  and  transferred 
either  by  minor  surgical  intervention 
or  by  nonsurgical  procedures.  They 
are  recovered  by  irrigating  the  repro- 
ductive tract  with  a  medium  consist- 
ing primarily  of  salt  and  water. 

Females  usually  are  treated  with 
hormones  to  cause  superovulation,  so 
that  more  mature  oocytes  or  embryos 
can  be  harvested  than  is  normal  for 


the  species.  Superovulation  can  be 
used  to  amplify  reproductive  rates  of 
valuable  animals  because  the  em- 
bryos are  transferred  to  less  valuable 
females  for  gestation.  Embryo  trans- 
fer is  done  similarly  to  artificial  in- 
semination; that  is,  a  catheter  is  in- 
serted into  the  lumen  of  the  female 
reproductive  tract,  and  the  embryo  is 
expelled  in  a  few  drops  of  medium. 

Cryopreservation.  One  of  the 

most  useful  biotechnological  proce- 
dures for  both  sperm  and  embryos  is 
cryopreservation.  Cooling  to  the  tem- 
perature of  liquid  nitrogen  (  —  320°F) 
is  done  in  a  medium  containing 
chemicals  called  cryoprotectants. 
Sperm  and  embryos  can  be  kept  in 
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suspended  animation  at  this  tempera- 
ture for  decades,  and  then  thawed, 
resulting  in  normal  offspring.  Storage 
may  be  successful  at  this  temperature 
for  hundreds,  if  not  thousands,  of 
years. 

Cryopreservation  provides  great 
flexibility  for  various  applications.  Se- 
men can  be  stored,  eliminating  the 
need  to  have  males  in  proximity 
when  semen  is  used.  Semen  and  em- 
bryos can  be  sent  from  country  to 
country  inexpensively. 

Strains  of  animals  that  are  no 
longer  of  economic  importance  can  be 
kept  frozen  at  low  cost  for  a  future 
genetic  resource,  and  animals  that 
have  been  dead  for  years  can  become 
genetic  parents. 

Screening  for  Genetic  Dis- 
ease. Another  option  with  embryos 
is  to  examine  several  cells  for  genetic 
characteristics  such  as  sex  and  chro- 
mosomal abnormalities.  This  is  com- 
parable to  amniocentesis  which  is  the 
surgical  insertion  of  a  hollow  needle 
through  the  abdominal  wall  and  into 
the  uterus  of  a  pregnant  female  to  ob- 
tain fluid  for  the  determination  of  the 
sex  of  the  fetus  or  chromosomal  ab- 
normality. Knowing  the  sex  of  the 
embryo  can  be  useful  for  commercial 
as  well  as  experimental  purposes. 

Splitting  embryos.  One  of  the 

most  exciting  techniques  is  the  mi- 
crosurgical division  of  embryos  into 
two,  three,  or  four  groups  of  cells. 
This  relatively  simple  procedure  fre- 
quently results  in  identical  twins,  and 
occasionally  in  identical  triplets  or 
even  quadruplets.  That  this  is  possi- 
ble should  not  be  too  surprising  be- 
cause identical  twins  occur  quite 
often  in  nature — and  even  identical 
triplets  in  rare  instances. 

Splitting  bovine  embryos  to  produce 
identical  twins  is  fairly  simple,  and 
success  rates  are  excellent.  Thou- 
sands of  calves  have  been  produced 
from  split  embryos. 


The  main  reason  for  using  this  pro- 
cedure is  a  commercial  one.  Preg- 
nancy rates  from  unsplit  embryos  fre- 
quently are  about  65  percent;  with 
split  embryos  they  usually  are  about 
50  percent  per  half;  however,  since 
there  are  two  halves,  the  net  result  is 
100  percent  pregnancy  rate  on  the 
average,  or  about  one  and  one-half 
times  as  many  calves  as  with  unsplit 
embryos. 

Of  course,  in  many  cases  only  one 
calf  is  produced  after  splitting  an  em- 
bryo, and  in  some  cases  neither  half 
develops.  When  both  halves  result  in 
calves,  these  identical  twins  are  use- 
ful for  experimental  applications.  For 
example,  in  certain  nutrition  studies, 
about  only  one-third  as  many  animals 
are  required  for  valid  experiments  if 
identical  twins  are  used. 

Cloning-  In  some  respects,  dividing 
embryos  to  make  identical  twins,  tri- 
plets, and  so  forth  is  a  form  of  clon- 
ing. The  resultant  animals  are  geneti- 
cally identical  and,  in  fact,  might  be 
even  more  identical  than  offspring 
produced  by  transplantation  of  nuclei 
into  oocytes. 

Theoretically,  more  than  four  iden- 
tical copies  could  be  produced  by  nu- 
clear transplantation,  since  each  cell 
within  the  body  of  an  animal  has  the 
same  genetic  material,  even  though 
cells  of  different  tissues  use  different 
parts  of  the  genetic  information 
available. 

In  mammals,  unfortunately,  clon- 
ing procedures  do  not  work  with  nu 
clei  from  adult  cells,  or  even  ad- 
vanced embryonic  cells.  While  it 
should  be  possible  to  produce  large 
sets  of  genetically  identical  animals 
eventually,  the  only  practical  current 
method  for  cloning  is  dividing 
embryos. 

Gene  Injection.  Cloning  is  by  no 
means  the  ultimate  in  genetic  engi- 
neering; it  merely  results  in  making  a 
copy  of  the  best  animal  available. 
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Some  techniques  will  lead  to  the 
production  of  animals  that  are  better 
than  the  best  available.  One  such 
technique  is  to  inject  genes  into  the 
1-cell  embryo  for  characteristics  such 
as  resistance  to  disease  and  more  effi- 
cient growth.  The  advantage  of  using 
the  1-cell  embryo  to  introduce  new 
traits  is  that  the  embryo  duplicates 
incorporated  genes  each  time  the 
cells  divide,  and  every  cell  in  the  re- 
sulting fetus  has  the  new  genes.  Ani- 
mals produced  with  genes  added  in 
this  way  are  called  transgenic 
animals. 

The  genes  that  are  injected  can 
come  from  other  animals  of  the  same 
or  a  different  species.  This  technology 
also  mimics  nature,  because  genes 
are  constantly  being  moved  around 
within,  and  occasionally  between, 
species  by  some  types  of  virus 
infection. 

Transgenic  animals  simply  repre- 
sent a  more  controlled  way  of  moving 
genes  than  the  random  ways  of  na- 
ture. This  technology  is  nothing  more 
than  another  tool  for  selective 
breeding. 

Applications  of 
Biotechnology  with 
Gametes  and  Embryos 

Animals  have  been  modified  by  selec- 
tive breeding  for  centuries.  One  pur- 
pose is  to  develop  animals  with  spe- 
cialized traits. 

Breeds  of  dogs  illustrate  this  point. 
Large  breeds  may  be  10  times  the 
size  of  small  breeds;  furthermore, 
dogs  come  in  different  personalities, 
colors,  hair  styles,  and  so  forth. 

In  the  same  way,  some  cows  have 
been  selected  for  meat  production; 
others  for  milk.  Sheep  may  be  se- 
lected for  wool  characteristics  or  meat 
characteristics,  or  both.  Chickens 
may  be  selected  for  efficient  egg  pro- 
duction or  meat  production.  Those  se- 
lected for  both  turn  out  to  be  rela- 
tively inefficient. 


Biotechnological  techniques  enable 
changing  characteristics  of  farm  ani- 
mals more  rapidly  than  with  earlier 
methods.  The  objective  is  to  produce 
healthier,  more  efficient  animals.  Effi- 
ciency, for  example,  can  be  improved 
by  increasing  fertility.  Only  about  50 
percent  of  dairy  cattle  and  65  percent 
of  beef  cattle  end  up  having  calves 
from  a  single  artificial  insemination. 
If  they  do  not  become  pregnant,  the 
farmer  has  to  wait  another  3  weeks 
until  the  next  reproductive  cycle  to 
try  again.  It  is  expensive  to  feed  a 
cow  for  3  weeks,  and  even  more  ex- 
pensive if  it  takes  three  or  four 
3-week  reproductive  cycles  before 
pregnancy  is  achieved. 

Improved  resistance  to  disease  also 
increases  efficiency.  Sick  animals  ob- 
viously do  not  grow,  reproduce,  or 
milk  well.  Furthermore,  it  is  expen- 
sive to  treat  sick  animals.  Certain 
breeds  of  cattle  are  quite  resistant  to 
tropical  parasites,  but  frequently 
those  breeds  are  not  productive.  An 
obvious  application  of  biotechnology 
is  to  move  the  genes  for  parasite  re- 
sistance into  productive  breeds  of  cat- 
de  or  vice  versa. 

Some  people  believe  that  a  prime 
objective  is  to  produce  larger  animals. 
This  is  rarely  desirable.  In  fact,  the 
opposite  is  usually  more  practiced, 
because  smaller  animals  need  less 
feed  for  maintenance.  Thus,  chickens 
and  pigs  have  become  dramatically 
smaller  in  recent  years  as  intense  se- 
lection programs  have  increased  effi- 
ciency. New  technologies  will  be  used 
for  similar  purposes  in  cattle  and 
sheep. 

Other  means  of  improving  effi- 
ciency are  earlier  maturity,  improved 
feed  efficiency,  less  fat  and  more  pro- 
tein in  meat  and  milk,  shortened  ges- 
tation lengths,  and  calves  shaped  for 
easier  birth  to  minimize  calving 
difficulty. 

The  new  biotechnologies  will  help 
accomplish  such  objectives  efficiently. 
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Every  living  being  has  a  set  of 
paired  chromosomes,  which  carry 
all  the  genetic  material  necessary  to 
maintain  life  and  also  to  propagate 
new  life. 

AH  but  one  pair  of  chromosomes 
are  called  autosomes  and  carry  genes 
for  all  the  characteristics  of  the  body, 
such  as  skin,  hair  and  eye  color,  ma- 
ture size,  and  body  characteristics. 
The  remaining  pair  are  called  sex 
chromosomes.  They  carry  the  genetic 
material  that  specifies  gender.  One 
sex  chromosome  is  called  X,  the 
other  Y. 

A  sperm  from  the  male  or  an  egg 
from  the  female  contains  one  of  each 
pair  of  autosomes;  in  addition,  in 
mammals  the  egg  always  contains  an 
X  chromosome,  while  the  sperm  al- 
ways carries  either  an  X  or  Y 
chromosome. 

When  a  sperm  and  egg  unite  and 
the  sperm  carries  the  Y  chromosome, 
the  offspring  is  male  (XY);  however, 
if  the  sperm  carries  an  X  chromosome 
when  it  unites  with  the  egg,  the  re- 
sulting offspring  is  female  (XX). 

In  most  animals,  including  hu- 
mans, the  ratio  of  males  to  females  is 
50:50.  Because  the  determination  of 
sex,  or  gender,  takes  place  when  a 


sperm  fertilizes  an  egg,  preselection 
of  gender  by  selecting  the  sperm  that 
fertilize  eggs  must  be  done  before  the 
sperm  are  used  for  insemination. 

In  all  bird  species,  including  tur- 
keys and  chickens,  the  female  deter- 
mines the  sex  of  offspring.  In  birds, 
the  sex  chromosomes  are  exactly  the 
same  in  all  sperm,  so  poultry  sperm 
cannot  be  manipulated  to  preselect 
the  sex  of  offspring. 

Purpose  of  Gender 
Preselection 

Gender  of  animal  offspring  is  impor- 
tant to  livestock  producers.  Selection 
of  gender  by  separating  X-bearing 
sperm  from  Y-bearing  sperm  before 
semen  is  used  in  artificial  insemina- 
tion could  give  farmers  the  choice  of 
sex  of  offspring. 

Because  the  dairy  farmer  has  little 
use  for  most  bull  calves,  the  use  of 
sexed  semen  to  produce  only  females 
would  make  milk  production  more  ef- 
ficient. Swine  farmers  would  produce 
pork  more  efficiently  if  they  were  able 
to  market  only  female  swine  because 
females  grow  faster  than  males. 

In  beef  catde  and  sheep  breeds,  the 
male  grows  at  a  faster  rate  than  the 
female  and  hence  is  preferred  for 
meat  production. 

In  addition,  the  ability  to  specify 
male  or  female  offspring  should 
shorten  the  time  required  for  genetic 
improvements,  since  desirable  traits 
are  often  associated  with  one  or  the 
other  parent.  Planning  the  sex  of  cat- 
tle offspring  is  already  practiced  on  a 
limited  basis.  This  procedure  consists 
of  removing  embryos  from  the  cow, 
identifying  their  potential  gender,  and 
re-implanting  only  those  of  the  de- 
sired gender.  However,  an  ability  to 
separate  sperm  into  male-producing 
and  female-producing  groups  before 
they  are  used  for  artificial  insemina- 
tion could  enhance  the  overall  value 
of  offspring  produced  by  embryo 
transfer. 
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History  of  Gender 
Preselection 

Interest  in  controlling  the  sex  of  off- 
spring dates  back  at  least  to  Hippoc- 
rates (460-377  B.C.).  In  the  20th 
century,  particularly  since  1950, 
many  attempts  have  been  made  to 
determine  differences  between  Y- 
bearing  sperm  and  X-bearing  sperm, 
particularly  with  regard  to  catde. 
Most  techniques  that  have  been 
tested  have  been  aimed  at  distin- 
guishing subtle  physical  differences, 
such  as  swimming  ability,  size, 
shape,  density,  and  weight  of  the 
sperm.  Any  such  physical  differences, 
however,  are  small,  and  the  methods 
used  to  separate  X-  from  Y-bearing 
sperm  are  not  sufficiently  precise  to 
detect  the  differences. 

Nevertheless,  some  entrepreneurs 
have  tried  to  capitalize  on  the  interest 
in  controlling  sex  by  selling  so-called 
"sexed"  semen.  As  one  might  expect, 
they  fail  to  follow  up  to  determine  the 
outcome  of  live  births  from  that  sup- 
posedly "sexed"  semen. 

In  short,  no  valid  practical  method 
exists  today  for  separating  a  sample  of 
livestock  semen  into  X-bearing  or  Y- 
bearing  sperm,  and  regardless  of  the 
claims,  no  practical  method  exists  for 
even  enriching  a  sample  of  livestock 
semen  for  either  X-  or  Y-bearing 
sperm. 

Sexing  Semen  by  DNA 
Content 

The  only  established  and  measurable 
difference  between  X  and  Y  sperm 
that  is  known  and  has  been  proved  to 
be  scientifically  valid  is  their  differ- 
ence in  deoxyribonucleic  acid  (DNA) 
content.  The  X  chromosome  is  larger 
and  contains  slightly  more  DNA  than 
does  the  Y  chromosome.  The  differ- 
ence in  total  DNA  between  X-bearing 
sperm  and  Y-bearing  sperm  is  3.4 
percent  in  boar,  3.8  percent  in  bull, 
and  4.2  percent  in  ram  sperm. 


Flow  cytometers  are  advanced  cell  sorters 
that  use  lasers  to  excite  fluorescent  dye  to 
separate  X  and  Y  chromosome-bearing 
sperm. 


The  amount  of  DNA  in  a  sperm 
cell,  as  in  most  body  cells,  is  stable. 
Therefore,  the  DNA  content  of  indi- 
vidual sperm  can  be  monitored  and 
used  to  differentiate  X-  and  Y-bearing 
sperm. 

Instruments  to  Measure 
Sperm  DNA 

Instruments  to  measure  DNA  in  mi- 
croscopic particles  and  cells,  such  as 
sperm  and  blood  cells,  have  been  de- 
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veloped  during  the  past  10  years. 
These  instruments,  called  flow  cytom- 
eters,  measure  the  amount  of  fluores- 
cent light  given  off  when  the  sperm, 
previously  treated  with  a  fluorescent 
dye,  pass  through  a  laser  beam.  The 
dye  stains  the  DNA.  The  fluorescent 
light  is  collected  and  analyzed  by 
computer.  Because  the  X  chromo- 
some contains  more  DNA  than  the  Y 
chromosome,  the  female  sperm  (X) 
takes  up  more  dye  and  gives  off  more 
light  than  the  male  sperm  (Y). 

For  small  differences  in  DNA  to  be 
detected  between  X  and  Y,  the  sperm 
must  pass  single  file  through  the 
laser  beam,  which  measures  the  DNA 
content  of  individual  sperm.  Hun- 
dreds of  sperm  pass  through  the 
beam  each  second,  and  10,000  sperm 
per  sample  are  routinely  analyzed. 
From  this  analysis,  the  ratio  of  X  to  Y 
sperm  in  a  sample  of  semen  can  be 
determined. 


Flow  cytometric  methods  can  verify 
any  change  in  the  X  to  Y  sperm  ratio 
in  a  sample  of  semen.  Flow  cytometry 
also  is  useful  in  determining  whether 
a  particular  procedure  used  in  an  at- 
tempt to  change  the  X-Y  ratio  is  ac- 
tually changing  the  ratio.  Before  the 
advent  of  this  flow  cytometric  proce- 
dure, the  experimental  semen  had  to 
be  used  to  artificially  inseminate 
many  females,  and  the  offspring 
counted  to  determine  the  ratio  of 
males  to  females.  This  is  an  expen- 
sive and  time-consuming  procedure. 

Now  the  potential  sex  ratio  can  be 
determined  before  the  semen  is  used 
for  artificial  insemination. 

Flow  Sorting  of  X-  and 
Y-Bearing  Sperm 

Flow  cytometry  systems  also  can  be 
used  to  separate  cells.  After  sperm 
pass  in  front  of  the  laser  beam  to  de- 
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termine  their  DNA  content,  which 
takes  only  a  fraction  of  a  second,  each 
sperm  can  be  encased  in  a  droplet  of 
liquid.  The  droplet  containing  an  in- 
dividual sperm  can  then  be  given 
either  a  positive  or  negative  electrical 
charge,  depending  on  the  amount  of 
DNA  that  was  measured  (X-  or  Y- 
bearing  sperm).  Next,  the  droplets 
pass  between  two  steel  deflection 
plates  with  high  voltage,  one  positive 
and  one  negative.  Each  plate  will  at- 
tract the  oppositely  charged  (  +  or  -  ) 
droplet,  pulling  it  out  of  the  center 
stream  of  droplets  and  into  a  tube 
below. 

Using  this  type  of  cell  sorter,  the 
sperm  can  be  separated  into  groups 
containing  only  X-  or  Y-bearing 
sperm.  The  sorted  sperm,  however, 
are  not  intact;  during  preparation  for 
DNA  measurement,  the  sperm  tails 
are  removed.  Only  the  head  of  the 
sperm  (nucleus)  containing  the  DNA 
is  passed  through  the  flow  cytometry 
system.  So  the  sorted  sperm  are  not 
capable  of  fertilizing  an  egg.  Re- 
search is  currently  being  conducted 
to  separate  intact  sperm  capable  of 
fertilizing  an  egg  into  X-  and  Y-bear- 
ing groups. 

Future  Prospects 

Once  the  problems  of  separating  two 
intact  groups  of  sperm  (X  and  Y)  are 
solved,  efforts  will  be  made  to  identify 
some  other  factor  on  the  surface  of 
sperm  that  can  be  used  to  differen- 
tiate female  from  male  sperm.  Al- 
though flow  cytometry  and  cell  sort- 
ing using  DNA  as  a  marker  are 
useful  for  the  numbers  of  sperm  re- 
quired for  research,  these  procedures 
are  not  applicable  to  separating  the 
billions  of  sperm  required  for  artificial 
insemination  programs.  A  surface 
marker,  however,  might  be  used  to 
separate  the  large  numbers  of  sperm 
needed  for  artificial  insemination. 


Membrane 
Research: 
New  Approach 
to  Treatment 
of  Gasfro  intes- 
tinal Illnesses 

Robert  A.  Argenzio,  professor  of 
physiology,  School  of  Veterinary 
Medicine,  North  Carolina  State 
University,  Raleigh 


Diarrhea  and  other  gastrointestinal 
illnesses  cause  high  livestock 
mortality  rates  and  result  in  signifi- 
cant economic  losses  to  the  livestock 
industry.  These  losses  were  passed  on 
to  consumers  in  the  form  of  higher 
prices. 

During  the  past  few  years,  how- 
ever, research  on  the  function  of  the 
epithelial  membrane  has  begun  to 
provide  information  in  both  basic  and 
applied  physiology.  (This  membrane 
of  cellular  tissue  covers  a  surface  or 
lining  of  a  tube  or  cavity  of  an  ani- 
mal, serving  to  enclose  and  protect 
other  parts  of  the  body,  to  produce  se- 
cretions and  excretions,  and  to  func- 
tion in  assimilation.  Gut  linings  are 
an  example.)  Studies  are  leading  to 
new  approaches  for  the  treatment  of 
diarrhea  and  acute  and  chronic  bowel 
injuries.  Significant  therapeutic  ad- 
vances based  on  this  new  knowledge 
are  now  anticipated.  Some  of  these 
studies  will  now  be  discussed. 

Membrane  Function 

The  study  of  epithelial  function  is  es- 
pecially difficult  because  of  the  many 
different  types  of  cell  in  the  mucous 
membrane  of  an  animal's  gastrointes- 
tinal tract  as  well  as  the  complexity  of 
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takes  only  a  fraction  of  a  second,  each 
sperm  can  be  encased  in  a  droplet  of 
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droplet,  pulling  it  out  of  the  center 
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below. 

Using  this  type  of  cell  sorter,  the 
sperm  can  be  separated  into  groups 
containing  only  X-  or  Y-bearing 
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are  not  intact;  during  preparation  for 
DNA  measurement,  the  sperm  tails 
are  removed.  Only  the  head  of  the 
sperm  (nucleus)  containing  the  DNA 
is  passed  through  the  flow  cytometry 
system.  So  the  sorted  sperm  are  not 
capable  of  fertilizing  an  egg.  Re- 
search is  currently  being  conducted 
to  separate  intact  sperm  capable  of 
fertilizing  an  egg  into  X-  and  Y-bear- 
ing groups. 

Future  Prospects 

Once  the  problems  of  separating  two 
intact  groups  of  sperm  (X  and  Y)  are 
solved,  efforts  will  be  made  to  identify 
some  other  factor  on  the  surface  of 
sperm  that  can  be  used  to  differen- 
tiate female  from  male  sperm.  Al- 
though flow  cytometry  and  cell  sort- 
ing using  DNA  as  a  marker  are 
useful  for  the  numbers  of  sperm  re- 
quired for  research,  these  procedures 
are  not  applicable  to  separating  the 
billions  of  sperm  required  for  artificial 
insemination  programs.  A  surface 
marker,  however,  might  be  used  to 
separate  the  large  numbers  of  sperm 
needed  for  artificial  insemination. 
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injuries.  Significant  therapeutic  ad- 
vances based  on  this  new  knowledge 
are  now  anticipated.  Some  of  these 
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pecially difficult  because  of  the  many 
different  types  of  cell  in  the  mucous 
membrane  of  an  animal's  gastrointes- 
tinal tract  as  well  as  the  complexity  of 
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the  limiting  cell  membranes.  The 
functions  of  cells  differ  markedly.  So 
we  may  no  longer  treat  the  epithe- 
lium as  a  "black  box"  if  we  are  to 
study  rigorously  the  underlying 
mechanisms  and  control  of  ion 
transport. 

Several  recent  advances  in  method- 
ology have  opened  the  "black  box".  It 
is  now  possible  to  separate  villous 
(hairy)  and  crypt  cells  in  vitro  (out- 
side the  body)  and  to  make  mem- 
brane vesicles  (pouches)  of  the  two 
limiting  membranes  which  can  be 
separated  by  sucrose  density  gra- 
dients. Thus  the  individual  mem- 
branes can  be  studied  under  condi- 
tions of  precisely  controlled 
electrochemical  and  pH  gradients.  In 
the  past  2  years,  these  studies  have 
provided  sound  evidence  for  the  mo- 
lecular transport  characteristics  of 
several  membrane  transport  systems 
and  have  elucidated  important  infor- 
mation on  their  control. 

A  second  recent  development  in 
methodology  is  the  growth  in  culture 
media  of  a  colon  cancer  cell  line. 
These  cells  can  be  grown  to  form  a 
membrane  only  one  cell  thick  with 
one  surface  attached  to  glass  or  plas- 
tic or  a  nylon  mesh.  Transmission 
electron  microscopy  and  freeze  frac- 
ture techniques  indicate  that  they 
form  junctional  complexes  between 
adjacent  cells.  Preliminary  studies 
with  this  system  show  that  they  pos- 
sess many  of  the  transport  pathways 
of  intact  mucous  membranes.  Con- 
ventional electrophysiological  meth- 
ods such  as  microelectrode  and  patch 
clamp  techniques  also  can  be  applied 
to  these  isolated  cells. 

The  study  of  intracellular  mecha- 
nisms in  conjunction  with  transport 
pathways  should  be  greatly  facilitated 
with  this  method  because  the  cells 
are  completely  isolated  from  external 
neuroendocrine  influence.  Further, 
such  methodology  is  an  alternative  to 
the  use  of  animals  in  some  of  these 
critical  areas  of  research. 


Membrane 
Phospholipids  and 
Hormone  Action 

It  was  well  established  that  one  group 
of  hormones  uses  cyclic  adenosine 
monophosphate  (cAMP)  as  an  intra- 
cellular messenger  linking  stimulus 
to  response.  Recently,  studies  with 
several  cell  systems  have  shown  that 
a  large  number  of  other  hormones 
and  neurotransmitters  utilize  calcium 
rather  than  cAMP  for  their  actions. 
These  agents  induce  a  breakdown 
and  resynthesis  of  a  membrane  phos- 
pholipid known  as  phosphatidylinosi- 
tol.  This  phospholipid  turnover  may 
open  a  calcium  gate  in  the  membrane 
allowing  calcium  concentrations  to 
increase  inside  the  cell. 

In  addition,  activation  of  an  enzyme 
known  as  protein  kinase  C  is  linked 
to  this  turnover  of  phospholipids.  In 
several  cell  types,  activation  of  protein 
kinase  C  is  a  requirement  and  acts 
synergistically  with  calcium  mobiliza- 
tion to  elicit  the  physiological  re- 
sponse. Recently,  studies  with  mam- 
malian intestines  have  shown  that 
direct  stimulation  of  this  enzyme  re- 
sults in  intestinal  secretion. 

Also  involved  in  this  turnover  is  the 
release  of  arachidonic  acid,  a  compo- 
nent of  phosphatidylinositol.  Arachi- 
donic acid  is  metabolized  by  two  ma- 
jor pathways  in  intestinal  mucosa  to 
form  prostaglandins,  which  may  con- 
trol blood  pressure  and  muscle  con- 
tractions, and  thromboxanes  which 
regulate  cell  function.  Also  formed 
are  compounds  known  as  leuko- 
trienes  and  other  fatty  acids.  These 
compounds  have  diverse  and  potent 
actions.  They  may  play  key  roles  in 
the  regulation  of  ion  transport  and 
mucosal  defense. 

For  example,  several  of  the  prosta- 
glandins activate  cAMP  which,  in 
turn,  stimulates  intestinal  secretion. 
More  recently,  several  products  of  the 
second  arachidonic  acid  pathway 
were  shown  to  cause  colonic  secre- 
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tion  by  a  mechanism  independent  of 
both  cAMP  and  calcium.  The  possible 
interaction  between  these  intracellu- 
lar messengers  makes  an  understand- 
ing of  the  stimulus-secretion  coupling 
much  more  complex  than  was  previ- 
ously imagined.  These  recent  findings 
will  stimulate  much  needed  research 
in  this  area  for  many  years  to  come. 

Medicinal  Treatment  of 
Diarrhea 

This  new  knowledge  in  the  control  of 
ion  transport  has  already  led  to  ad- 
vances in  the  medicinal  treatment  of 
diarrhea.  For  example,  agents  which 
inhibit  protein  kinase  C  and  calmodu- 
lin, such  as  the  tranquilizers  trifluo- 
perazine and  chlorpromazine,  inhibit 
intestinal  secretion  in  experimental 
systems.  These  agents  also  are  effec- 
tive clinically.  But  the  doses  required 
for  an  antisecretory  effect  may  have 
undesirable  side  effects  such  as 
sedation. 

Nevertheless,  it  is  expected  that  po- 
tent new  drugs  which  are  specific  for 
the  desired  effect  will  be  produced  in 
the  next  few  years. 

Similarly,  agents  capable  of  inhibit- 
ing prostaglandin  production  seem  to 
be  effective  in  some  types  of  diarrhea. 
The  recent  findings  that  lipoxygenase 
products  of  arachidonic  acid  also  may 
be  capable  of  causing  intestinal  secre- 
tion opens  yet  another  avenue  for 
pharmacologic  intervention. 

Basic  knowledge  in  the  control  of 
ion  transport  by  neurotransmitters 
and  hormones  has  led  to  studies  us- 
ing agonists  or  antagonists  of  these 
agents.  Recent  animal  studies  indi- 
cate that  these  compounds  may  prove 
to  be  effective  in  the  treatment  of  cer- 
tain types  of  diarrhea. 


mucosa  from  serious  injury  caused  by 
certain  damaging  agents.  Further 
studies  have  established  that  these 
prostaglandins  stimulate  mucous  and 
bicarbonate  secretion,  a  mechanism 
which  protects  the  mucosa  from  back 
diffusion  of  gastric  acid  and  disrup- 
tion of  the  "gastric  mucosal  barrier." 

Careful  studies  of  the  time  course 
of  mucosal  injury  and  its  protection 
by  prostaglandins  show  that  the  pro- 
liferative cell  zone  is  completely  pro- 
tected during  an  acute  injury  and 
therefore  can  initiate  rapid  repair  of 
damaged  surface  epithelium.  Prolifer- 
ative activity  itself  seems  to  be  at 
least  partially  controlled  by  metabo- 
lites of  arachidonic  acid.  These  find- 
ings have  great  potential  in  the  ther- 
apy of  gastric  and  duodenal  ulcers. 

Other  potent  and  diverse  effects  of 
these  metabolites  are  regulation  of 
mucosal  blood  flow,  epithelial  ion 
transport,  and  chemotaxis.  Further 
study  in  this  rapidly  expanding  area 
may  unravel  the  mechanisms  by 
which  these  agents  are  involved  in 
mucosal  injury,  defense,  and  repair. 


Mucosal  Defense 

In  recent  years,  it  was  found  that 
prostaglandins  were  capable  of  pro- 
tecting gastric  and  upper  small  bowel 
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The  Body's 
Army— Its 
Immune 
System 

Gary  A.  Splitter,  associate 
professor,  Department  of  Veterinary 
Science,  University  of  Wisconsin- 
Madison 


Daily  warfare  rages  between  invad- 
ers and  defenders  within  our 
bodies.  The  body's  army— its  immune 
system — patrols  for  unfamiliar  shapes 
using  special  troops — immune  cells — 
whose  origin  is  in  the  bone  marrow 
but  whose  final  maturation  may  occur 
elsewhere  in  the  body.  A  system  of 
communication  and  specialization  of 
duties  allows  these  cells  to  act  most 
effectively. 

The  immune  system's  purpose  is  to 
recognize  itself  from  everything  else, 
especially  bacteria,  viruses,  and  para- 
sites. It  helps  that  each  cell  in  the 
body  has  a  distinct  shape  on  its  sur- 
face that  distinguishes  it  from  foreign 
invaders.  And  every  foreign  invader 
has  hundreds  of  components,  termed 
antigens,  that  can  be  recognized  by 
immune  cells  as  foreign.  The  two 
branches  of  the  immune  system — 
cell-mediated  and  humoral  immu- 
nity— work  together  in  responding  to 
invaders. 

Cell-mediated  immunity  refers  to 
the  direct  response  of  immune  cells 
to  the  foreign  antigen. 

Humoral  immunity  refers  to  the 
production  by  immune  cells  of  anti- 
bodies that  circulate  in  the  blood  in 
response  to  the  foreign  antigen. 

Principal  Cells 

Principal  cells  of  the  immune  system 
are  T  and  B  lymphocytes  and  macro- 


phages. These  cells  reside  in  orga- 
nized tissues  and  organs,  including 
the  lymph  nodes,  spleen,  tonsils,  thy- 
mus, and  bone  marrow.  In  addition,  a 
substantial  fraction  of  the  lympho- 
cytes and  macrophages  comprise  a 
recirculating  pool  of  cells  found  in  the 
blood  and  the  lymph.  Lymphocytes  in 
both  lymphoid  organs  and  in  the  cir- 
culation provide  the  body's  immune 
army  with  fortified  garrisons  and  pa- 
trol missions  to  seek  out  foreign 
invaders. 

Individual  lymphocytes  are  commit- 
ted to  respond  to  a  limited  group  of 
structurally  related  antigens.  This 
commitment,  which  exists  before  the 
first  contact  of  the  immune  system 
with  a  given  antigen,  is  expressed  by 
the  presence  on  the  lymphocyte 
membrane  of  receptors  specific  for 
the  antigen.  Characterizing  these  an- 
tigen specific  receptors  at  the  genetic 
level  and  determining  the  mecha- 
nisms of  cell  stimulation  and  activa- 
tion of  these  receptors  are  areas  of  in- 
tense present  study.  One  set,  or 
clone,  of  lymphocytes  will  differ  from 
another  set,  or  clone,  in  the  structure 
of  the  antigen-combining  region  of  its 
receptors  and,  thus,  the  range  of  anti- 
genic substances  that  may  stimulate 
it  to  respond.  A  large  number  of  sepa- 
rate sets  of  lymphocytes,  each  bearing 
receptors  specific  for  distinct  anti- 
gens, enables  the  body  to  respond  to 
virtually  any  antigen. 

As  a  result,  lymphocytes  are  an 
enormously  heterogeneous  collection 
of  cells.  Although  exact  figures  are 
not  available,  the  number  of  distinct 
antigen-combining  sites  of  lympho- 
cyte receptors  present  in  an  adult  ani- 
mal exceeds  one  million.  That  is,  over 
a  million  different  lymphocytes,  each 
specific  for  a  different  antigen,  exist. 
In  actuality,  there  are  more  lympho- 
cytes because  many  of  them  have  al- 
ready recognized  their  specific  anti- 
gen either  through  vaccination  or 
natural  exposure  and  produced  multi- 
ple daughters. 
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T  and  B  Lymphocytes.  Lym- 
phocytes differ  from  one  another  not 
only  in  the  specificity  of  their  recep- 
tors but  also  in  their  functional  prop- 
erties. Two  broad  classes  of  lympho- 
cytes are  recognized:  T,  or  thymus- 
dependent  lymphocytes  and  B  lym- 
phocytes, which  are  precursors  of 
antibody-secreting  cells. 

T  lymphocytes  consist  of  a  series  of 
subtypes.  Some  mediate  important 
regulatory  functions,  such  as  the  abil- 
ity to  help  the  development  of  im- 
mune responses.  Other  T  lympho- 
cytes suppress  the  development  of 
immune  responses.  Both  helper  and 
suppressor  T  cells  regulate  antibody 
production.  Additional  T  lymphocytes 
(cytotoxic  T  cells)  are  involved  in  pro- 
ducing soluble  products  that  start  a 
variety  of  inflammatory  responses,  or 
directly  destroy  agents  bearing  anti- 
genic substances  (killer  function). 

Precursors  of  T  lymphocytes  origi- 
nate in  the  bone  marrow  but  are  re- 
quired to  travel  to  the  thymus  for  fi- 
nal maturation.  On  completion  of 
intrathymic  maturation  under  the  in- 
fluence of  thymic  hormones  and  edu- 
cation of  self-recognition,  thymic  lym- 
phocytes join  the  peripheral  pool  of  T 
lymphocytes. 

Several  distinct  peripheral  T  lym- 
phocyte groups  can  be  identified  be- 
cause they  express  characteristic  mol- 
ecules on  their  membranes.  These 
molecules  that  distinguish  different  T 
lymphocyte  groups  have  only  recently 
begun  to  be  characterized  in  domestic 
animals.  To  date,  molecules  on  helper 
and  cytotoxic  lymphocytes  have  been 
described,  but  those  that  characterize 
suppressor  lymphocytes  have  not 
been  identified. 

Identifying  and  characterizing  mol- 
ecules specific  for  each  lymphocyte 
group  will  provide  methods  to  isolate 
different  cell  groups  and  to  study  the 
response  of  each  cell  group  to  differ- 
ent bacteria,  viruses,  and  parasites. 
Also,  the  relationships  that  different 
cell  groups  have  to  pathologic  lesions 


in  infectious  diseases  can  be  identi- 
fied in  diseased  animals.  Knowing  the 
types  of  cells  that  respond  to  infec- 
tious agents,  it  may  be  possible  to 
augment  the  function  of  cells  with  bi- 
ological response-modifying  factors 
produced  by  similar  kinds  of  cells 
grown  in  the  laboratory. 

A  recent  advance  has  been  the  pro- 
duction of  monoclonal  antibodies  to 
the  immune  cells  of  domestic  ani- 
mals. Monoclonal  antibodies  produced 
specifically  for  the  molecules  for  each 
of  the  body's  army  cells  have  helped 
in  identifying  the  cells  of  the  immune 
system.  In  the  future,  the  role  of  all 
of  the  different  cell  populations  in  the 
animal's  response  to  disease-produc- 
ing agents  will  be  defined. 

Killer  Cells.  In  addition  to  the  ma- 
jor T  and  B  lymphocyte  classes,  lym- 
phocytes that  are  large,  possess  cyto- 
plasmic granules,  and  mediate  certain 
nonspecific  cytotoxic  responses  have 
been  identified.  These  include  natural 
killer  (NK)  cells  that  kill  certain  tu- 
mor cells  using  recognition  systems 
which  may  be  quite  different  from 
those  used  by  T  or  B  lymphocytes. 
Another  type  of  nonspecific  killing  of 
target  cells  is  antibody-dependent  cel- 
lular cytotoxicity  (ADCC),  where  a 
lymphocyte  or  macrophage  is  capable 
of  killing  antibody-coated  cells  after 
recognizing  the  constant  portion  of 
the  antibody  bound  to  that  cell.  The 
role  of  these  types  of  immune  cells  in 
response  to  bacterial  and  viral  infec- 
tions in  domestic  animals  has  not 
been  well  defined.  But  the  response 
to  herpes  virus  infections  by  these 
immune  cells  in  cattle  has  been 
shown  in  the  laboratory. 

Macrophages.  Macrophages  are 
the  third  type  of  cell  involved  in  the 
development  and  expression  of  hu- 
moral and  cell-mediated  immune  re- 
sponses. These  cells,  which  function 
in  a  nonspecific  manner  to  remove 
foreign  matter,  are  located  throughout 
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the  body  at  fixed  sites  as  well  as  wan- 
dering freely  through  blood  and 
lymph.  When  a  bacterium  or  virus 
enters  the  body,  it  is  usually  first  in- 
gested by  a  macrophage.  Macro- 
phages participate  in  the  immune  re- 
sponse by  1)  killing  micro-organisms, 
particularly  intracellular  micro- 
organisms, by  the  release  of  toxic 
chemicals;  2)  functioning  as  scav- 
engers to  remove  damaged  or  dying 
cells  and  sequestering  nonmetaboliz- 
able  inorganic  materials;  3)  function- 
ing in  bidirectional  cellular  inter- 
actions with  lymphocytes;  4)  serving 
as  an  important  secretory  cell  in  the 
production  of  bioactive  materials  (cy- 
tokines) that  regulate  other  cellular 
functions;  and  5)  playing  an  impor- 
tant cytocidal  role  in  the  control  of 
cancer. 


Cell-Cell  Interaction  in 
Response  to  Viruses  or 
Bacteria 

An  immune  response  to  Brucella 
abortus  illustrates  the  interaction  of 
macrophages  with  T  lymphocytes. 
Macrophages  engulf  foreign  material 
and  process  the  bacterium.  Process- 
ing involves  digesting  the  complex 
bacterium  into  small  fragments  that 
are  more  easily  recognized  by  lym- 
phocytes bearing  receptors  specific 
for  antigens  on  these  fragments.  The 
actual  processing  events  are  not  fully 
understood,  but  most  of  the  bacteria 
are  destroyed  inside  the  macrophage, 
and  only  a  few  are  processed  into  an 
immunogenic  form  recognized  by 
lymphocytes. 

The  many  bacterial  antigens  are 
expressed  on  the  surface  of  the  mac- 
rophage in  association  with  a  self- 
molecule.  The  self-molecule  is  a  prod- 
uct of  the  macrophage's  genes  located 
in  the  major  histocompatibility  com- 
plex (MHC).  This  complex  is  a  ge- 
netic region  found  in  all  mammals 
whose  products  are  primarily  respon- 


sible for  the  rapid  rejection  of  grafts 
between  individuals,  and  which  func- 
tion in  signaling  between  lympho- 
cytes and  cells  expressing  antigen. 
The  MHC  segment  responsible  for 
this  function  is  termed  the  class  II  re- 
gion. This  complex  of  genes  has  not 
been  thoroughly  characterized  at  the 
molecular  or  functional  levels  in  do- 
mestic animals.  In  mice  and  humans, 
the  MHC  consists  of  a  tightly  clus- 
tered series  of  genes  that  code  for 
protein  molecules  on  the  cell  surface 
called  MHC  class  I  and  II  molecules. 
MHC  class  I  molecules  are  present 
on  all  cells  of  the  body,  while  MHC 
class  II  molecules  are  found  on  only 
select  cells  such  as  macrophages.  T 
lymphocytes  with  receptors  for  both 
the  bacterial  antigen  and  the  self- 
molecule  interact  with  the  macro- 
phage expressing  this  complex. 

This  complex  of  bacterial  antigen 
associated  with  the  MHC  class  II  self- 
molecule  constitutes  the  first  signal  of 
activation  of  the  T  lymphocyte.  Ani- 
mals possessing  different  MHC  genes 
have  different  levels  of  immune  re- 
sponse to  a  number  of  foreign  anti- 
gens. Ultimate  survival  of  an  animal 
may  depend  on  its  particular  MHC 
genes  and  how  well  antigens  are  as- 
sociated with  MHC  self-molecules. 
Characterization  of  the  MHC  in  do- 
mestic animals  is  a  promising  area  in 
investigating  the  contribution  of  these 
genes  to  an  immune  response. 

A  second  signal  is  provided  by  the 
macrophage  in  the  form  of  a  soluble 
cytokine  termed  interleukin  1.  After 
the  T  lymphocyte  receives  this  second 
signal,  the  lymphocyte  undergoes  cell 
division.  Classically,  these  T  lympho- 
cytes are  helper  T  cells  and  secrete  a 
variety  of  soluble  products,  termed 
cytokines  or  more  specifically  lympho- 
kines.  These  lymphokines  have  spe- 
cific functions  that  affect  selected  cell 
groups.  However,  in  domestic  animals 
lymphokines  have  only  been  studied 
recently.  Examples  of  lymphokines 
are:  interleukin  2,  T  cell  replacing 
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factor,  B  cell  growth  factor,  and 
gamma  interferon. 

Soluble  Communication 
Signals 

lnterleukin  2  serves  to  clonally  ex- 
pand the  foreign  antigen-activated  T 
lymphocytes.  As  a  result  of  increased 
numbers  of  lymphocytes  specific  for 
the  organism,  the  immune  response 
is  enhanced.  The  greater  the  number 
of  specific  lymphocytes,  the  greater 
the  opportunity  to  encounter  the  or- 
ganisms. Also,  the  expanded  number 
of  antigen-specific  lymphocytes  pro- 
vides a  mechanism  for  memory  of  the 
immune  system.  On  a  second  en- 
counter with  the  organism  by  an  ani- 
mal, there  are  more  bacteria-specific 
lymphocytes  and  so  the  response  is 
more  rapid.  lnterleukin  2  binds  to  a 
specific  receptor  on  T  cells  that  is  ex- 
pressed at  only  certain  times  during 
the  cell  cycle. 

Studies  completed  point  to  a  hor- 
monal-like mechanism  responsible  for 
the  target-cell  specificity  of  interleu- 
kin  2  and  that  interleukin  2  functions 
at  low  concentrations.  These  data  in- 
dicate that  lymphocytes  communicate 
among  themselves  by  producing  poly- 
peptides (molecular  chains  of  amino 
acids)  that  express  characteristics 
identical  to  hormones  and  neuro- 
transmitters. Another  way  of  express- 
ing this  aspect  of  lymphocyte  biology 
is  that  lymphocytes,  especially  T  cells, 
are  disaggregated,  recirculating 
glands. 

The  magnitude  of  T-cell  clonal  ex- 
pansion is  one  of  the  attributes  that 
determines  the  extent  of  the  immune 
response.  Also,  clonal  expansion  de- 
termines the  cellular  basis  for  at  least 
one  aspect  of  immunological  memory 
(i.e.,  each  reintroduction  of  the  same 
antigen  results,  through  clonal  ex- 
pansion, in  the  accumulation  of  expo- 
|  nentially  greater  numbers  of  antigen- 
I  specific  cells).  Lymphokines,  as  hor- 
mones that  are  targeted  for  other 
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lymphocytes,  play  critical  roles  in  reg- 
ulating the  animal's  immune  system. 

Because  interleukin  2  induces  the 
proliferation  of  antigen-activated  T 
lymphocytes,  this  concept  has  been 
used  to  produce  clones  of  anugen- 
specific  T  lymphocytes.  Large  num- 
bers of  identical,  functional  cells  can 
be  derived  from  normal  T  cells  and 
can  be  maintained  indefinitely  outside 
the  body.  This  accomplishment  is 
even  more  remarkable  since  less  than 
25  years  ago,  it  was  generally  consid- 
ered impossible  to  grow  lymphocytes 
in  culture — indeed,  their  true  func- 
tion was  not  even  known.  The  discov- 
ery of  interleukin  2,  formerly  called  T 
cell  growth  factor,  made  cloning  of  T 
cells  possible.  Clones  of  T  lympho- 
cytes can  now  be  developed,  and  the 
antigens  of  the  bacterium,  for  exam- 
ple, responsible  for  cell-mediated  im- 
munity can  be  determined, 

Determining  specific  bacterial  or 
viral  components  that  produce  a  T 
cell  response  and  lead  to  protective 
immunity  would  aid  in  the  develop- 
ment of  synthetic  vaccines. 

Further,  synthetic  vaccines  com- 
bined with  the  proper  delivery  of  in- 
terleukin 2  would  produce  the  rapid 
expansion  of  relevant  T  lymphocyte 
clones,  thereby  enhancing  cell-me- 
diated immunity.  Determining  the 
soluble  lymphokines  produced  by 
these  T  lymphocyte  clones  may  be 
useful  in  characterizing  the  T  cell  re- 
sponse to  the  disease-producing 
agent. 

T  cell  replacing  factor,  another  lym- 
phokine  produced  by  activated  T  lym- 
phocytes, serves  as  a  second  activat- 
ing signal  for  B  lymphocytes.  B 
lymphocytes  have  surface  receptors 
that  specifically  recognize  foreign  an- 
tigens like  those  present  on  Brucella 
abortus.  B  lymphocyte  antigen-spe- 
cific receptors,  however,  are  known 
as  immunoglobulin  molecules  and  are 
molecularly  different  from  the  anti- 
gen-specific receptors  present  on  T 
lymphocytes.  In  fact,  these  receptors 
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are  coded  for  by  genes  different  from 
the  ones  that  code  for  the  T  cell  re- 
ceptor for  foreign  antigens. 

Monoclonal  antibodies  have  been 
produced  that  are  specific  for  the  dif- 
ferent immunoglobulin  classes  found 
on  B  lymphocytes  in  domestic  ani- 
mals. These  B  lymphocyte  immuno- 
globulin receptors  bind  foreign  anti- 
gens as  a  first  signal  of  B  lymphocyte 
activation.  A  second  signal  is  usually 
required  for  B  lymphocyte  activation 
and  is  provided  by  the  T  cell  replac- 
ing factor.  Having  received  both  sig- 
nals, the  B  cell  can  undergo  cell 
division. 

An  eventual  end  line  result  of  B 
lymphocyte  activation  is  their  conver- 
sion to  plasma  cells.  The  function  of 
plasma  cells  is  to  produce  and  secrete 
into  the  blood  large  amounts  of  im- 
munoglobulins, approximately  a  mil- 
lion immunoglobulin  molecules  per 
minute.  These  immunoglobulins  are 
specific  for  the  particular  foreign  anti- 
gen that  initially  triggered  the  B  lym- 
phocyte and  are  called  antibodies. 
The  antibodies  circulate  throughout 
the  body  providing  a  soluble  defense 
system  separate  from  cells.  When  an- 
tibodies bind  foreign  antigens,  they 
immobilize  the  antigen  and/or  acti- 
vate an  enzyme  system  in  the  blood 
called  the  complement  cascade  sys- 
tem whose  end  result  may  be  the  pro- 
duction of  lytic  holes  in  the  wall  of 
the  foreign  organism. 

B  cell  growth  factor,  similar  to  in- 
terleukin  2  which  clonally  expands 
antigen-activated  T  lymphocytes, 
clonally  expands  antigen-activated  B 
lymphocytes.  The  long-term  growth 
of  B  lymphocytes  occurs  without  re- 
stimulation  of  surface  immunoglobu- 
lin antigen  receptors  suggesting 
strongly  that  the  trigger  for  B  lym- 
phocyte division  occurs  independently 
from  antigen-activating  signals. 

Despite  initial  encouraging  find- 
ings, the  long-term  culture  and  clonal 
derivation  of  B  lymphocytes  has  not 
come  into  widespread  use,  primarily 


because  optimal  growth  conditions 
have  yet  to  be  identified.  The  excep- 
tion to  the  problem  of  B  lymphocyte 
growth  in  vitro  (out  of  the  body)  is 
the  use  of  hybridomas  which  result 
from  the  fusion  of  normal  anubody- 
producing  B  lymphocytes  with  a  tu- 
mor cell. 

Gamma  interferon  is  another  solu- 
ble lymphokine  produced  by  activated 
T  lymphocytes  that  has  a  direct  effect 
on  macrophages.  Gamma  interferon 
can  enhance  macrophage  processing 
of  foreign  antigens.  Similarly,  gamma 
interferon  increases  the  expression  of 
MHC  self-molecules  on  the  macro- 
phage surface.  These  two  events,  in- 
creased processing  and  increased 
MHC  molecule  expression,  allow  for 
better  lymphocyte-macrophage  com- 
munication in  response  to  foreign  an- 
tigens. This  finding  demonstrates  the 
bidirectional  role  of  T  lymphocytes  in 
the  function  and  regulation  of  macro- 
phages. Other  factors  produced  by  ac- 
tivated T  lymphocytes  have  been 
identified  but  are  poorly  characterized. 

Cytotoxic  T  Lymphocytes. 

During  the  identification  of  self  from 
nonself  cells  by  lymphocytes,  cyto- 
toxic T  lymphocytes  seek  out  virus- 
infected  cells  and  kill  the  infected 
cells.  Products  of  the  virus  are  ex- 
pressed on  the  surface  of  virally  in- 
fected cells.  Cytotoxic  T  lymphocytes 
specific  for  the  virus  must  recognize 
the  viral  antigens  in  combination  with 
MHC  class  I  self-molecules.  Since  all 
cells  of  the  body  possess  MHC  class  I 
molecules,  cytotoxic  T  cells  have  the 
potential  of  recognizing  all  cells  that 
might  become  infected.  Interleukin  2 
also  serves  as  a  soluble  communica- 
tion factor  to  increase  the  numbers  of 
cytotoxic  T  lymphocytes  specific  for  a 
current  virus  infection,  thereby  en- 
larging the  repertoire  of  cells  capable 
of  killing  virally  infected  cells  and 
halting  the  spread  of  the  virus.  The 
mechanism  of  killing  appears  to  be 
the  injection  into  the  virally  infected 
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cell  of  a  toxic  signal  contained  in 
small  granules  from  the  cytotoxic  T 
cells. 

Regulatory  Lymphocytes. 

What  keeps  the  immune  response 
under  control?  In  theory  once  the  im- 
mune system  has  responded  to  a  for- 
eign invader,  T  lymphocyte  division 
and  antibody  production  by  B  lym- 
phocytes could  continue  without  end. 
One  mechanism  to  control  the  im- 
mune response  is  a  check-and-bal- 
ance  system  of  help  provided  by 
helper  T  cells  and  suppression  pro- 
vided by  suppressor  T  cells.  Suppres- 
sion of  an  immune  response  involves 
a  number  of  internal  feedback  and 
amplification  loops  of  cells  constitut- 
ing a  highly  complicated  regulatory 
system  termed  the  immune  circuit. 
Some  of  the  effects  have  been  shown 
to  be  mediated  by  soluble  factors  with 
or  without  antigen  specificity  and 
MHC  involvement. 

Given  the  complexity  of  the  system, 
there  are  some  controversies  over  the 
precise  roles  and  types  of  cells  of  the 
suppressor  circuit.  Extensive  work  re- 
mains to  be  done  to  adequately  define 
how  regulation  of  the  immune  system 
occurs.  There  appears  to  be,  however, 
a  series  of  cell  types  that  interregulate 
one  another  with  the  final  purpose  of 
influencing  helper  T  cells  and  ulti- 
mately antibody-producing  B  lympho- 
cytes. 

Future  Control  of 
Disease  Agents 

The  immune  system  consists  of  many 
different  cell  types,  some  of  which  are 
more  defined  than  others.  As  the 
mysteries  of  the  cells  of  the  immune 
system  are  identified,  we  will  be  able 
to  determine  how  each  cell,  or  troop 
of  cells,  can  be  manipulated  by  clini- 
cians to  improve  the  health  of  sick 
animals.  Also,  components  of  bacteria 
and  viruses  that  produce  the  optimal 
immune  protection  can  be  deter- 


mined. Communication  signals  in  the 
initial  triggering  of  the  body's  army  of 
immune  cells,  or  the  expansion  of  se- 
lective troops  of  antigen-specific  im- 
mune cells,  can  be  genetically  engi- 
neered to  produce  large  quantities  for 
vaccination  programs  or  treatment 
therapies. 

Finally,  it  may  be  possible  to  genet- 
ically alter  the  cellular  army  so  that 
specificity  of  the  immune  response  to 
a  disease-producing  agent  is  more 
likely  assured,  or  the  animal  is  more 
resistant  to  disease  agents  indigenous 
to  a  geographic  region.  Unravelling 
the  interactions  of  immune  cells  in 
response  to  disease-producing  agents 
is  a  central  factor  in  controlling  infec- 
tious diseases  of  domestic  animals. 
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Research  Service,  East  Lansing,  Ml 


The  production  of  high-quality  ani- 
mal products  depends  on  healthy 
animals  that  thrive  and  produce.  Ani- 
mals need  to  be  protected  from  infec- 
tion by  pathogens  (disease-producing 
organisms)  or  from  their  effects.  This 
is  usually  done  by  eradication  of  the 
pathogen,  by  vaccination  to  induce 
protective  antibodies,  or  by 
chemotherapy. 

Since  animals  can  inherit  the  abil- 
ity to  resist  disease  and  to  improve  re- 
sponse to  the  usual  methods  of  con- 
trol, recent  developments  in  genetics 
research  have  exciting  implications 
for  breeding  more  disease-resistant 
animals. 

Genes  can  influence  resistance  at 
many  levels  in  the  cycle  of  infection, 
immune  response,  and  disease 
development. 

An  animal  can  passively  resist  in- 
fection if  the  pathogen  cannot  enter 
the  body,  organ,  or  cell,  or  is  inacti- 
vated by  some  body  fluid  that  is  pres- 
ent earlier.  Alternatively,  an  animal 
can  respond  actively,  often  through 
its  immune  system,  to  develop  resist- 
ance to  the  pathogen  and  eliminate  it. 

Therefore,  genetic  resistance,  even 
to  a  single  disease,  is  usually  a  com- 
plex trait  controlled  by  many  genes. 
However,  single  genes  have  been 
found  that  block  infection  or  a  single 
step  in  the  origin  and  development  of 
a  disease.  Such  genes,  however,  often 
prevent  only  a  specific  disease. 

Over  the  years,  animal  breeders 
have  selected  animals  for  breeding  if 


the  animals'  relatives  survived  well 
under  farm  conditions. 

Some  animals,  particularly  in  poul- 
try, are  selected  for  breeding  based  on 
the  ability  of  their  relatives  to  survive 
after  artificial  exposure  to  a  specific 
pathogen.  This  selection  is  usually 
made  only  when  an  epidemic  is  caus- 
ing severe  economic  loss  and  there  is 
no  alternative  method  of  control.  This 
is  because  selection  for  resistance  to  a 
specific  disease  reduces  the  ability  of 
the  breeder  to  select  for  other  traits  of 
economic  importance,  such  as  growth 
rate  or  egg  production. 

Conventional,  nongenetic,  methods 
of  control  have  been  effective  for 
many  acute  infectious  diseases  that 
have  troubled  livestock  in  the  past. 
But  as  such  diseases  come  under 
control,  genetic  resistance  will  be- 
come more  important  for  the  control 
of  chronic  diseases.  An  important  re- 
search goal  is  to  find  ways  to  select 
for  genes  that  impart  general  resist- 
ance to  a  variety  of  diseases  so  that 
the  breeder  will  need  to  select  for 
only  a  few  additional  traits  to  improve 
resistance. 

Gene  Identification  for 
Disease  Resistance 

The  classic  method  of  gene  identifica- 
tion is  to  look  for  differences  in  a  trait 
or  characteristic,  mate  animals  that 
have  different  characteristics,  and  de- 
scribe the  variation  observed  among 
the  progeny  for  the  next  few  genera- 
tions. By  such  observations  the  genet- 
icist can  determine  whether  a  few  or 
many  genes  control  the  trait.  This  ap- 
proach depends  on  the  identification 
of  genetically  controlled  variation  in 
an  observed  trait  or  in  a  chemically 
defined  gene  product. 

With  the  advent  of  molecular  clon- 
ing technology,  a  single  gene  can  be 
isolated  from  an  animal,  spliced  into  a 
microbial  vector  (carrier),  and  then 
replicated  in  large  amounts  in  this 
new  form  of  DNA  (deoxyribonucleic 
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Researchers  evaluate  autoradiograms  of  chicken  blood  in  research  aimed  at 
identifying  chickens  with  avian  leukosis  virus  genes. 


acid).  These  manipulations  enable  the 
gene's  coding  sequences  to  be  read — 
even  though  chemical  variation  in  the 
product  is  not  recognized.  Once  the 
isolated  DNA  has  been  characterized, 
genetic  variation  can  be  sought  at  the 


DNA  level  and  used  by  the  breeder. 
The  use  of  molecular  cloning  meth- 
ods has  greatly  increased  understand- 
ing of  four  multigene  families  which 
regulate  the  immune  systems  of 
mice,  humans,  and  farm  animals. 
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Wings  of  day-old  chicks  show  short  feathers  on  males  and  long  feathers  on  females. 


These  families  are: 

1)  the  major  compatibility  complex 
that  controls  both  tissue  transplant 
rejection  and  the  level  of  immune  re- 
sponse to  a  variety  of  antigens  (sub- 
stances that  stimulate  production  of 
antibodies); 

2)  the  genes  that  control  the  pro- 
duction of  specific  antibodies; 

3)  the  T-cell  receptor  genes  that 
regulate  the  responses  of  specific 
cells  of  the  immune  system;  and 

4)  genes  for  soluble  factors  that  are 
released  by  certain  cells  having  im- 
mune functions. 

As  these  and  other  genes  are 
cloned  in  several  livestock  species, 
they  will  become  raw  material  for  se- 
lection, and  gene  transfer  to  other  an- 
imals. They  also  will  be  sources  of 
DNA  that  can  be  used  as  molecular 
probes,  for  identifying  a  related  gene 
in  an  animal  as  a  way  to  search  for 
genetic  variation  in  their  own  and 
other  species.  Some  of  these  genes 
may  be  valuable  as  regulators — in  a 
general  way — of  the  immune  re- 


sponse in  an  animal.  Some  particular 
problems  may  be  solved  by  an  under- 
standing of  genes  at  the  DNA  level. 

Hatcheries  selling  day-old  egg-pro- 
ducing chicks  discard  male  chicks 
which  are  identified  as  such  by  ex- 
perts who  charge  about  3  cents  per 
chick.  To  cut  these  costs,  some  breed- 
ers have  introduced  a  gene  for  slow 
feathering  in  male  chicks  so  that 
even  unskilled  hatchery  workers  can 
easily  identify  and  discard  the  males. 
Half  the  egg-producing  chickens  in 
the  United  States  are  feather-sexed. 
Male  chicks  have  short  wing  feathers 
and  females  long  wing  feathers. 

Many  breeders  who  have  intro- 
duced this  gene,  however,  have  no- 
ticed some  flocks  that  do  not  lay  the 
expected  number  of  eggs.  Also,  such 
flocks  have  unacceptable  rates  of 
mortality  with  lymphoid  leukosis,  a 
virus-induced  lymphoid  tumor,  as 
well  as  other  diseases.  This  called  for 
further  investigation.  Further  experi- 
ments showed  that  the  slow-feather- 
ing gene  was  located  near  another 
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gene  on  the  sex  chromosome  which 
increases  a  chicken's  susceptibility  to 
attack  from  the  leukosis  virus.  Ac- 
tually, these  endogenous  leukosis  vi- 
rus genes  interfere  with  the  develop- 
ment of  antibodies  to  the  invading, 
disease-causing  virus,  crippling  the 
chicken's  ability  to  fight  back.  Now, 
using  similar  methods,  breeders  can 
look  for  new  sex-linked  slow-feather- 
ing genes  that  are  not  associated  with 
the  leukosis  virus  gene. 

So  new  developments  in  molecular 
genetics  can  help  animal  breeders 
identify  and  characterize  general 
classes  of  genes  for  disease  resistance 
as  well  as  help  solve  particular  dis- 
ease problems. 

Gene  Manipulation 

Since  the  domestication  of  animals, 
their  genetic  traits  have  been  manip- 
ulated to  select  animals  with  desirable 
characteristics  for  reproduction.  In 
the  last  few  years,  it  has  become  al- 
most routine  to  manipulate  genes  ar- 
tificially by  inserting  cloned  genes 
into  the  genetic  material  of  mice  to 
achieve  changes  in  their  characteris- 
tics rapidly.  We  are  just  learning  to 
transfer  genes  in  farm  animals. 

Gene  transfer  provides  new  sources 
of  genes  because  genes  can  be  trans- 
ferred between  any  species  even 
though  natural  mating  between  the 
species  is  impossible.  In  addition,  a 
beneficial  gene  can  be  introduced 
into  a  highly  productive  strain  of  ani- 
mals without  introducing  other  harm- 
ful genes. 

To  achieve  permanent  change  in  a 
strain  of  animals,  the  genes  inserted 
must  be  stably  inherited  through  suc- 
ceeding generations.  They  must  be  in 
the  right  configuration  and  location 
so  that  the  characteristic  governed  by 
the  gene  is  expressed  in  the  appropri- 
ate tissue  at  the  correct  stage  of 
development. 

Extensive  research  in  the  mouse  is 
under  way,  using  gene  transfer,  to 


understand  the  factors  that  are  im- 
portant in  gene  regulation.  Such  ex- 
perimental work  in  mice  and  other 
laboratory  animals  will  pave  the  way 
for  successful  application  to  farm 
animals. 

The  first  gene-insertion  studies  in 
the  mouse  were  discouraging  because 
the  inserted  genes,  although  stably 
inherited,  were  expressed  in  unex- 
pected organs  and  sometimes  at  the 
improper  stage  of  development.  More 
recently,  single-cloned  genes  from 
some  of  the  multigene  families  that 
regulate  immune  response  have  been 
inserted  and  have  been  expressed 
properly. 

For  example,  a  class-I  gene  from 
the  major  histocompatibility  (state  of 
mutual  tolerance  that  allows  some  tis- 
sues to  be  grafted  effectively  to  oth- 
ers) complex  of  swine  has  been  intro- 
duced into  an  inbred  strain  of  mice 
that  ordinarily  accepts  skin  grafts 
from  other  members  of  the  same 
strain.  Skin  from  mice  carrying  the 
gene  from  swine  was  rejected  by  un- 
manipulated  mice  from  the  same 
strain.  This  showed  that  the  new 
gene  was  expressed  as  a  histocompat- 
ibility antigen. 

These  exciting  results  not  only  in- 
dicate that  it  will  be  relatively  easy  to 
introduce  active  genes  that  can  alter 
the  immune  response,  but  also  show 
that  transferring  a  single-cloned 
member  of  a  complex  gene  family 
can  lead  to  proper  expression  in  the 
absence  of  other  genes  of  that  family. 

Some  viruses  insert  an  antigen  into 
the  membrane  of  the  infected  cell, 
and  this  antigen  interferes  with  fur- 
ther infection  by  the  same  or  related 
viruses.  If  one  could  introduce  the 
viral  gene  for  the  interfering  antigen 
into  the  genetic  material  of  the  host 
and  it  were  expressed  in  the  host  cell 
membrane,  then  it  should  act  as  a 
gene  for  resistance  to  the  virus. 

Since  only  the  gene  for  the  inter- 
fering antigen  would  be  introduced, 
the  infectious  virus  could  not  be  pro- 
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duced  by  the  host. 

Also,  one  might  introduce  a  gene 
for  the  immunizing  portion  of  a  dis- 
ease-causing agent  or  vaccine  into 
the  chromosomes  of  the  host  in  such 
a  way  that  it  is  expressed  at  the  time 
that  vaccination  would  ordinarily  take 
place.  Such  a  gene  would  then  be- 
come an  inherited  vaccine — each  ani- 
mal, in  a  sense,  would  have  its  own 
built-in  vaccination  shot— eliminating 
the  need  to  vaccinate  every  animal. 

Prospects  for 
Application 

These  are  exciting  prospects.  But  the 
animal  breeder  must  consider  how  to 
integrate  these  new  methods  into  a 
breeding  program  aimed  at  improving 
the  whole  animal  and  not  just  a  spe- 
cific trait  controlled  by  a  single-cloned 
gene. 

Probably  the  first  applications  will 
be  to  introduce  genes  that  will  control 
specific  diseases  that  cause  severe 
economic  loss.  Theoretically,  this  can 
be  done  without  altering  the  other 
important  genes  carried  by  a  highly 
productive  strain  of  animals.  The 
breeder,  however,  must  test  carefully 
the  altered  strain  of  animals  to  deter- 
mine if  some  undesirable  side  effect 
has  been  introduced,  as  was  done  by 
introducing  sex-linked  slow  feather- 
ing into  egg-production  crosses  of 
chickens  by  conventional  breeding 
methods. 

Animal  breeders  in  collaboration 
with  molecular  geneticists  will  con- 
duct basic  studies  on  gene  identifica- 
tion and  cloning,  on  gene  regulation 
after  transfer,  and  on  the  effect  of 
transferred  genes  on  productivity. 
These  studies  will  provide  the  basis 
for  using  these  new  methods  to  aug- 
ment conventional  breeding  programs 
aimed  at  providing  healthier  and 
more  productive  animals. 
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The  construction  of  antibody-se- 
creting cell  lines — hybridomas — 
by  fusing  antibody-secreting  lympho- 
cytes with  appropriate  tumor  cell 
lines — myelomas — has  forever 
changed  immunology.  Indeed,  the 
monoclonal  revolution  has  spread  far 
beyond  the  shores  of  its  mother  disci- 
pline and  now  laps  the  coasts  of  bio- 
chemistry, neurobiology,  develop- 
mental biology,  agriculture,  medicine 
and  toxicology. 

This  article  will  describe  the  tech- 
nology of  hybridoma  production.  A 
companion  piece  by  David  Snyder 
tells  how  monoclonal  antibodies  are 
used  to  solve  many  problems. 

Hybridoma  technology,  like  recom- 
binant DNA  technology,  is  rooted  in 
basic  biology  and  is  the  capstone  of 
years  of  basic  research  in  cell  fusion. 
It  is  a  procedure  in  which  two  differ- 
ent kinds  of  cells  are  artificially 
caused  to  fuse  to  form  a  single  hybrid 
cell.  Such  hybrids  are  particularly  in- 
teresting because  they  incorporate  the 
genetic  potential  of  both  parent  cells. 
This  technique  has  made  it  possible 
to  construct  and  study  the  properties 
of  cell  hybrids  made  from  such  com- 
binations as  normal  cells  with  cancer 
cells,  mouse  cells  with  human  cells, 
and  even  human  cells  with  those  of 
mosquitoes. 

Early  Research 

In  1973,  Jerold  Schwaber  and  Ed 
Cohen,  working  at  the  University  of 


BIOTECHNOLOGY:  ITS  APPLICATION  TO  ANIMALS 


Research  for  Tomorrow 


duced  by  the  host. 

Also,  one  might  introduce  a  gene 
for  the  immunizing  portion  of  a  dis- 
ease-causing agent  or  vaccine  into 
the  chromosomes  of  the  host  in  such 
a  way  that  it  is  expressed  at  the  time 
that  vaccination  would  ordinarily  take 
place.  Such  a  gene  would  then  be- 
come an  inherited  vaccine — each  ani- 
mal, in  a  sense,  would  have  its  own 
built-in  vaccination  shot— eliminating 
the  need  to  vaccinate  every  animal. 

Prospects  for 
Application 

These  are  exciting  prospects.  But  the 
animal  breeder  must  consider  how  to 
integrate  these  new  methods  into  a 
breeding  program  aimed  at  improving 
the  whole  animal  and  not  just  a  spe- 
cific trait  controlled  by  a  single-cloned 
gene. 

Probably  the  first  applications  will 
be  to  introduce  genes  that  will  control 
specific  diseases  that  cause  severe 
economic  loss.  Theoretically,  this  can 
be  done  without  altering  the  other 
important  genes  carried  by  a  highly 
productive  strain  of  animals.  The 
breeder,  however,  must  test  carefully 
the  altered  strain  of  animals  to  deter- 
mine if  some  undesirable  side  effect 
has  been  introduced,  as  was  done  by 
introducing  sex-linked  slow  feather- 
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Plant  virologist  checks  the  temperature  of  liquid  nitrogen  storage  tanks  in  which 
hybridomas  are  preserved. 
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Chicago's  LaRibida  Institute,  were 
the  first  to  produce  antibody-secreting 
hybridomas  by  fusing  normal  anti- 
body-producing human  cells  (B  lym- 
phocytes or  B  cells)  to  antibody-pro- 
ducing mouse  tumor  (myeloma)  cells. 
Their  hybridomas  displayed  the  ca- 
pacity for  unlimited  growth  in  culture 
characteristic  of  the  myeloma  parent 
while  retaining  the  antibody-produc- 
ing characteristics  of  the  normal  B 
cell. 

But  it  was  George  Kohler  and  Cesar 
Milstein  who  devised  and  demon- 
strated a  deliberate  and  rational  strat- 
egy for  the  construction  of  continuous 
cell  lines  which  secrete  monoclonal 
antibodies  of  a  desired  specificity.  In 
1975  they  fused  a  mouse  myeloma 
cell  line  with  lymphocytes  from  mice 
that  had  been  previously  Immunized 
with  a  particulr  antigen.  They  then 
screened  the  resulting  hybridoma 
clones  to  identify  those  that  were  se- 
creting monoclonal  antibodies  specific 
for  the  immunizing  antigen.  Their 
success,  which  has  been  widely  re- 
produced, revolutionized  immunology 
and  created  an  industry. 

Polyclonal  Antiserum 

The  power  of  hybridoma  technology 
can  be  appreciated  by  examining  the 
contrasts  between  monoclonal  anti- 
bodies and  antibodies  produced  the 
traditional  way.  Most  antigens  of 
practical  interest  display  many  dis- 
tinct antigenic  determinants.  Indeed, 
a  bacterium,  virus,  or  foreign-tissue 
graft  presents  the  immune  system 
with  an  extraordinarily  complex  "for- 
est" of  highly  immunogenic  antigens. 
Typically,  many  determinants  in  the 
complex  antigen  mixture  trigger  the 
activation  of  one  or  more  of  the  ani- 
mal's B  cell  clones  to  divide  and  dif- 
ferentiate into  antibody-secreting  pop- 
ulations of  cells.  In  the  body,  the 
monoclonal  antibodies  characteristic 
of  each  activated  B  cell  clone  pool, 
and,  consequently,  the  serum  har- 


vested from  the  animal  is  an  intimate 
polyclonal  mixture  of  many  different 
antibody  molecules.  Furthermore,  the 
composition  of  this  polyclonal  mixture 
will  change  from  day  to  day  and  from 
animal  to  animal.  Thus,  polyclonal 
antisera,  even  when  prepared  by  well- 
standardized  procedures,  tend  to  dif- 
fer from  batch  to  batch.  While  some- 
times purification  procedures  can  be 
devised  that  specifically  isolate  those 
members  of  the  serum's  antibody 
population  which  bind  to  the  immu- 
nizing antigen,  such  procedures  suc- 
ceed only  in  producing  a  mixture  of 
structurally  distinct  antibodies  which 
share  a  capacity  to  bind  to  some  of 
the  determinants  presented  by  the 
antigen. 

Monoclonal  Antibodies 

A  different  state  of  affairs  results  by 
harvesting  lymphocytes  from  recently 
immunized  animals,  constructing  hy- 
bridomas by  cell  fusion,  and  isolating 
those  that  secrete  monoclonal  anti- 
bodies to  the  immunizing  antigen. 
Each  of  the  selected  hybridomas  pro- 
duces an  antibody  that  recognizes 
only  a  particular  determinant  of  the 
assortment  presented  by  a  complex 
antigenic  mixture.  Using  the  mouse 
system,  it  has  been  possible  to  pro- 
duce hybridomas  secreting  antibodies 
to  antigens  as  diverse  as  viruses,  bac- 
teria, and  bacterial  toxins,  cancer- 
associated  antigens,  and  to  a  long  list 
of  hormones,  enzymes,  and  drugs. 
This  method  also  has  been  applied  to 
the  production  of  human,  bovine,  por- 
cine, and  sheep  monoclonal  anti- 
bodies. This  pinpoint  technology 
offers  several  advantages  over  con- 
ventional polyclonal  antisera. 

Advantages  of 
Monoclonal  Antibodies 

•  Once  stabilized,  hybridomas  can  be 
frozen  and  stored  for  weeks, 
months  or  years,  until  they  are 
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Polyclonal  Antiserum  Versus  Monoclonal  Antibodies 
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needed.  Thus,  they  provide  a  per- 
petual source  of  well-defined,  ho- 
mogeneous monoclonal  antibodies. 
Large  amounts  (grams,  even  kilo- 
grams) of  a  particular  monoclonal 
antibody  can  be  obtained  with  a 
relatively  modest  investment  of  re- 
sources and  personnel. 
Monoclonal  antibodies  specific  for  a 
particular  target  antigen  can  be  ob- 
tained even  when  the  antigen  is 
grossly  impure  or  present  only  in 
trace  amounts. 

Monoclonal  antibodies  react  with 
determinants  in  an  all  or  none 


fashion,  so  there  is  no  need  to  re- 
sort to  absorption  to  improve 
specificity. 

For  these  reasons,  monoclonal  anti- 
bodies have  had  an  enormous  impact 
on  experimental  biology  and  biotech- 
nology. More  and  more,  monoclonal 
reagents  are  replacing  useful,  but 
undefined,  polyclonal  antisera.  In- 
creasingly, hybridoma  technology  will 
provide  the  standard  analytical  and 
reference  reagents  for  the  fields  of 
food  technology,  veterinary  medicine, 
and  agriculture. 
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Improving 
Animal  Health 
Through 
Monoclonal 
Antibodies 

David  B.  Snyder,  assistant 
professor,  Virginia-Maryland 
Regional  College  of  Veterinary 
Medicine,  University  of  Maryland, 
College  Park 


MJfouldn't  it  be  nice  if  catde  pro- 
WW  ducers  could  choose  the  sex  of 
their  next  calf?  Wouldn't  it  be  nice  if 
poultry  producers  could  instanta- 
neously identify  the  exact  cause  of 
the  disease  that  was  affecting  their 
flock?  Wouldn't  it  be  nice  if  the  horse 
industry  could  determine  in  minutes 
whether  a  mare  was  ready  to  breed  or 
that  she  was  already  in  the  early 
stages  of  pregnancy? 

Wouldn't  it  be  nice  if  milk  produc- 
ers could  within  minutes  quickly  as- 
sure that  milk  from  each  cow  was 
free  of  contaminants?  And,  what  if  a 
veterinarian  could  vaccinate  an  ani- 
mal without  using  a  vaccine? 

Better  yet,  what  if  a  veterinarian 
could  successfully  locate  and  destroy 
tumors  in  valuable  animals  without 
using  surgery,  irradiation,  or  chemo- 
therapy? These  are  only  a  few  of  the 
probable  applications  that  monoclonal 
antibodies  will  soon  bestow  on  the 
animal  world. 

What  Are  Monoclonal 
Antibodies? 

Antibodies  are  proteins  produced  by 
white  blood  cells  in  response  to  the 
presence  of  a  foreign  substance  in  the 
body,  such  as  viruses  and  bacteria. 
Antibodies  can  bind  to  and  inactivate 


cells  of  the  foreign  substance  but  will 
not  harm  other  kinds  of  cells. 

Until  recently,  the  primary  source 
of  antibodies  was  blood  serum  from 
animals.  Now,  to  produce  large  quan- 
tities of  a  single  antibody,  scientists 
use  a  technique  called  monoclonal 
antibody  production.  By  fusing  a  can- 
cerous cell  with  a  cell  that  produces 
an  antibody,  scientists  create  a  hybri- 
doma,  which  produces  large  quan- 
tities of  identical  or  monoclonal  anti- 
bodies in  a  pure,  highly  concentrated 
form.  The  use  of  these  new  reagents 
has  become  widespread  in  both  ap- 
plied and  research  settings. 

New  Field  Created 

The  1984  Nobel  Prize  in  Medicine 
was  awarded  to  Kohler  and  Milstein, 
the  scientists  who  originally  described 
the  method  for  generating  immortal 
hybrid  cells  which  secrete  the  almost 
magical  monoclonal  antibodies.  The 
method  they  described  showed  re- 
searchers how  to  dissect  a  complex 
antibody  response  against  a  foreign 
substance  or  antigen  into  its  individ- 
ual component  parts.  The  monoclonal 
antibodies  which  result  from  this  pro- 
portioning have  many  unique  and 
highly  useful  properties  that  sharply 
separate  them  from  the  group  from 
which  they  were  derived. 

Since  the  original  discovery  of 
monoclonal  antibodies  in  1975,  a  new 
field  has  been  created.  This  new  field 
inspired  by  the  utility  of  these  highly 
useful  probes  has  exploded,  revolu- 
tionizing nearly  every  area  of  the  con- 
current biotechnologies]  movement. 
Monoclonal  antibodies  have  been  pre- 
pared for  nearly  every  imaginable 
purpose,  bringing  about  major  ad- 
vances in  many  diverse  fields  where 
conventional,  mixed  antibody  re- 
agents often  have  limited  the  scope  of 
what  could  be  achieved.  (See  pre- 
vious article  by  Richard  A.  Goldsby 
for  additional  details  about  mono- 
clonal antibodies.) 
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When  cultured  in  an  artificial  envi- 
ronment, spleen  cells  consisting  of 
various  white  blood  cell  groups  and 
antibody-producing  B  lymphocytes 
normally  have  a  short  life  span.  How- 
ever, a  biotechnological  process 
known  as  somatic  cell  hybridization 
permits  the  fusion  of  antibody-secret- 
ing B  cells  with  nonantibody  secret- 
ing myeloma  cells  that  have  an  infi- 
nite life  span.  The  hybrid  cell  types 
produced  by  the  process  are  called 
hybridomas.  They  combine  the  most 
desirable  characteristics  of  both  the 
parental  cell  types:  antibody  produc- 
tion and  immortality.  Individual  hy- 
bridoma  cells  can  be  selected  and 
cultured  to  yield  a  group  of  cloned 
cells  that  all  produce  and  secrete 
large  and  unending  quantities  of 
identical  monoclonal  antibodies. 

Antibodies  themselves  are  serum 
proteins  produced  by  individual  B 
lymphocytes.  Normal  animals  respond 
to  infection  by  an  organism  or  to  in- 
jection of  a  foreign  substance  (anti- 
gen) by  producing  a  mixed  group  of 
specific  antibodies  that  are  then  se- 
creted into  the  host's  serum.  Tradi- 
tionally, the  antibody  containing 
serum  (antiserum)  from  animals 
which  have  been  deliberately  exposed 
to  various  antigens  by  vaccination  has 
been  used  in  many  diverse  applica- 
tions, most  notably  in  veterinary 
diagnostics. 

Since  each  antigen  has  many 
unique  binding  sites,  different  anti- 
bodies are  produced  by  individual  B 
cell  clones  that  are  specific  for  each 
of  the  attachment  sites  (epitopes). 
Hence,  antibodies  that  are  found  in 
serum  and  were  formed  against  each 
separate  binding  site,  or  epitope,  on 
an  antigen  may  be  considered  custom 
blends  of  different  monoclonal  anti- 
bodies. These  blends  of  antibodies  are 
produced  by  as  many  as  one  million 
different  B  cell  clones.  But  they  may 
be  singled  out  and  immortalized  into 
monoclonal  antibody-secreting  clones 
by  somatic  cell  hybridization. 


Just  as  the  right  key  will  turn  the 
correct  lock,  antibodies  are  able  to 
bind  specifically  and  firmly  their  in- 
ducing antigen.  Like  guided  missiles, 
antibodies  find  their  targets,  bind  to 
them,  and  neutralize  or  kill  their  ac- 
tivity. In  this  way,  antibodies  serve  as 
a  highly  selective  defense  mechanism 
for  animals  and  thereby  ease  the  re- 
moval of  foreign  substances  from  the 
body. 

Uses  of  Monoclonal 
Antibodies 

Monoclonal  antibodies  are  not  used 
extensively  in  the  animal  world.  They 
are  employed  in  the  process  of  geneti- 
cally engineering  an  animal  vaccine. 
In  this  process,  several  fundamental 
things  must  be  known  before  an  at- 
tempt to  produce  a  recombinant  vac- 
cine is  made. 

Producing  Vaccines.  Viruses, 
such  as  foot-and-mouth  disease,  are 
composed  of  large  and  complex  pro- 
teins, all  of  which  have  many  anti- 
body binding  sites.  Since  only  anti- 
bodies specific  to  a  few  of  these 
binding  sites  are  able  to  kill  or  neu- 
tralize the  virus,  monoclonal  anti- 
bodies are  important  for  identifying 
which  sites  are  involved  in  virus  neu- 
tralization and  on  which  protein  they 
reside.  With  that  fundamental  infor- 
mation, the  gene  which  encodes  this 
protein  may  be  isolated,  and  a  recom- 
binant protein  having  the  amino  acid 
sequence  for  the  neutralization  site 
may  be  produced. 

While  monoclonal  antibodies  iden- 
tify gene  products  (proteins)  that  are 
important  in  the  genetic  engineering 
process,  their  utility  does  not  stop  at 
the  first  stage.  After  the  potential  re- 
combinant vaccine  has  finally  been 
expressed,  the  same  monclonal  anti- 
bodies are  often  used  in  quality  assur- 
ance procedures.  These  procedures 
seek  to  assure  that  the  pertinent  neu- 
tralization sites  on  the  new  recombi- 
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nant  protein  have  not  been  altered. 

Finally,  the  monoclonal  antibodies 
can  be  used  to  purify  selectively  the 
recombinant  protein  for  use  as  a  sub- 
unit  vaccine.  It  is  doubtful  that  ge- 
netically engineered  or  certain  kinds 
of  synthetic  vaccines  would  be  as 
possible  without  monoclonal  anti- 
bodies. 

Therapeutic  Role.  Another  use 
of  monoclonal  antibodies  is  a  potential 
therapeutic  role  in  preventing  certain 
infectious  diseases.  One  example  is 
the  use  of  monoclonal  antibodies  that 
bind  to  the  antigen  of  certain  strains 
of  intestinal  bacteria,  such  as  Esche- 
richia coli,  or  E.  coli.  This  passively 
immunizes  calves  and  pigs  against 
neonatal  diarrhea. 

In  this  particular  scheme,  mono- 
clonal antibodies  against  the  antigen 
with  hairlike  binding  sites  are  fed  to 
newborn  calves  or  pigs.  In  the  gut, 
the  antibodies  attach  to  the  binding 
sites,  or  pili,  of  the  toxic  strain  of  E. 
coli.  But  the  toxic  bacteria  need  these 
hairlike  structures  to  attach  to  the  gut 
wall.  Even  as  these  "bad"  bacteria  are 
unable  to  colonize  because  the  mono- 
clonal antibodies  have  blocked  their 
attaching  ability,  other  less  patho- 
genic strains  of  E.  coli  then  colonize 
the  gut.  This  reduces  the  severity  of 
the  disease. 

This  process  is  favored  over  costly 
vaccination  of  pregnant  cows  that 
must  be  vaccinated  annually  or  sem- 
iannually to  provide  similar  natural 
protection  through  their  colostrum 
and  milk. 

"Magic  Bullet"  Concept.  Mono- 
clonal antibodies  specific  for  some  tu- 
mor antigen  or  viral  antigen  can  se- 
lectively kill  or  neutralize  when  they 
are  administered  to  an  ailing  animal. 
The  antibodies  are  administered  alone 
or  coupled  to  some  toxic  compound 
such  as  arsenic.  The  result  of  such  a 
passive  therapy  is  that  the  antibodies 
specifically  seek  out  and  destroy  the 


tumor  or  virus  anywhere  in  the  body 
that  that  particular  antigen  is  found. 
This  process  makes  tumor  or  viral 
therapy  economically  feasible  in  the 
animal  world.  This  approach  has  the 
added  advantage  of  producing  only  lo- 
cal reaction  to  the  therapy,  rather 
than  throughout  the  system  as  may 
be  caused  by  alternative  therapies 
such  as  surgery,  chemotherapy,  or 
irradiation. 

Anti-idiotypic  Vaccine.  Another 
application  for  monoclonal  antibodies 
in  veterinary  medicine  involves  the 
use  of  an  "anti-idiotypic  vaccine."  In 
this  complex  but  exciting  scenario,  a 
monoclonal  antibody  prepared  against 
the  antigen-binding  cleft  (idiotype)  of 
another  monoclonal  antibody  actually 
becomes  the  vaccine. 

For  example,  a  monoclonal  anti- 
body is  prepared  against  the  neutrali- 
zation site  of  the  pseudo-rabies  vi- 
rus— an  economically  important 
disease-producing  agent  of  swine. 
Next,  another  monoclonal  antibody  is 
prepared  against  the  first  monoclonal 
antibody's  antigen-binding  cleft  (anti- 
idiotype antibody).  The  anti-idiotypic 
antibody  can  then  be  passively  ad- 
ministered to  a  pig,  where  it  seeks 
out  and  binds  to  B-lymphocytes  that 
carry  as  an  antigen  receptor  an  anti- 
body that  is  specific  for  the  neutrali- 
zation site  of  the  pseudo-rabies  virus. 
This  event  then  causes  that  B-lym- 
phocyte  to  divide  and  give  rise  to  a 
large  population  of  B-cells  secreting 
antibody  that  can  neutralize  pseudo- 
rabies  virus.  The  main  advantage  of 
an  anti-idiotypic  vaccine  is  that  most 
animal  vaccines  are  live,  and  they 
themselves  have  the  potential  of  mu- 
tating and  causing  disease.  Through 
the  uses  of  anti-idiotypic  vaccines, 
losses  due  to  vaccination  will  be 
decreased. 

Disease  Diagnosis.  Yet  another 
use  of  monoclonal  antibodies  is  in  the 
quick  and  definitive  diagnosis  of  ani- 
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Creating  monoclonal  antibodies  from  cloned  cells  in  cuture  media  requires  time, 
patience,  and  many  microplate  test  wells.  ARS  scientists  are  finding  highly  specific 
antibodies  that  could  lead  to  improved  diagnostic  methods  for  livestock  and  crop 
diseases — and  to  vaccines  against  these  diseases. 


mal  diseases.  Often,  when  animals 
become  ill,  especially  with  viral  or 
parasitic  diseases,  the  fanner  or  veter- 
inarian must  simply  treat  the  symp- 
toms and  wait  and  hope  for  the  best 
because  there  is  no  way  to  quickly 
and  inexpensively  identify  the  cause 
of  the  disease. 

For  example,  a  poultry  producer's 
flocks  develop  a  respiratory  disease. 
Many  agents  produce  respiratory  dis- 
ease in  poultry  and  there  are  about  as 
many  tests  to  diagnose  them.  Some 


tests  take  days  or  weeks  to  complete. 

Now,  with  the  advent  of  mono- 
clonal antibodies,  a  series  of  quick 
and  sensitive  enzyme-immuno  assays 
allow  the  farmer,  during  a  short  pe- 
riod, to  identify  not  only  what  agent, 
but  exactly  what  subspecies  of  agent, 
is  involved  in  the  infection. 

With  this  information,  the  producer 
or  veterinarian  can  administer  a  more 
selective  therapy  or  vaccination  pro- 
gram more  quickly. 

Monoclonal  antibodies  will  be  used 
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in  "dipstick"  diagnoses.  These  anti- 
bodies can  be  used  early  in  the  infec- 
tion, well  before  more  conventional 
tests.  Using  dipstick  technology, 
where  plastic  sticks  are  coated  with 
monoclonal  antibodies,  it  will  eventu- 
ally be  possible  to  dip  the  sticks  in 
body  fluids  and  actually  fish  the  dis- 
ease agent  out.  After  immersion,  the 
dipstick  is  rinsed  in  a  series  of  short 
baths;  a  color  change  is  produced  if 
the  agent  is  present. 

Eventually,  this  type  of  monoclonal- 
antibody-based  dipstick  technology 
will  provide  additional  information  to 
producers.  It  will  provide  information 
about  the  level  of  contamination  of 
feed  with  mycotoxins  or  pesticides.  It 
also  will  be  of  benefit  in  defining 
whether  potentially  harmful  drug  res- 
idues, antibiotics,  or  carcinogens  have 
contaminated  milk,  meat,  or  poultry 
products.  In  the  future  essentially  any- 
where a  substance,  organism,  or  com- 
pound needs  to  be  detected,  meas- 
ured, or  monitored,  monoclonal 
antibodies  will  play  a  role. 

Research 

In  the  animal  world,  especially  in  re- 
search, monoclonal  antibodies  are 
being  used  in  purifying  compounds, 
tracing  milk  synthesis  during  lacta- 
tion and  in  understanding  the  origin 
and  development  of  various  disease- 
producing  agents,  including  the  role 
of  certain  proteins  and  enzymes  in 
cancer.  Rapid  and  accurate  mono- 
clonal-antibody-based pregnancy  tests 
for  cows  and  horses  are  on  the  way. 
Even  the  possibility  of  presexing  em- 
bryos fertilized  in  test  tubes  looms  in 
the  future. 

Indeed  the  potential  use  of  mono- 
clonal antibodies  to  assure  unequaled 
animal  health,  to  promote  agriculture 
in  general,  and  to  provide  more 
wholesome  products  for  the  consumer 
is  only  limited  by  our  imagination  and 
the  speed  with  which  these  reagents 
may  be  created. 


Genetic 
Engineering 
Can  Help 
Control 


James  L.  Bittle,  adjunct  member, 
Department  of  Molecular  Biology, 
Scripps  Clinic  and  Research 
Foundation,  Lajolla,  CA 

fnfectious  diseases  are  still  the  main 
cause  of  illness  and  death  in  do- 
mestic livestock.  The  estimated  an- 
nual loss  incurred  from  infectious  dis- 
ease in  cattle  and  swine  exceeds  1 
billion  dollars  and  for  all  livestock 
species  exceeds  2  billion  dollars. 

The  widescale  use  of  therapeutic 
drugs  and  biologies,  such  as  antibiot- 
ics and  vaccines,  also  has  added  to 
the  cost  of  raising  livestock.  Yet  they 
have  reduced  the  losses  only  margin- 
ally because  of  the  changes  in  agri- 
cultural production  methods  which 
often  promote  the  occurrence  of  in- 
fectious disease.  The  concentration  of 
animals  in  feed  lots,  dry  lot  dairies, 
integrated  swine  operations,  and 
broiler  production  units  are  examples 
of  husbandry  that  increase  the  spread 
of  infectious  agents  as  compared  with 
less  confined  types  of  animal  raising. 

Methods  of  Control 

Three  major  methods  are  used  to  re- 
duce losses  from  infectious  disease. 
One  is  to  eliminate  the  infectious 
agent  from  the  environment  so  that 
animals  will  not  be  exposed.  This  re- 
quires destroying  any  animal  infected 
with  the  organism,  whether  it  be  the 
host  animal  or  an  intermediate  host, 
such  as  an  insect  that  carries  the  or- 
ganism. This  has  been  effective  in 
controlling  infectious  agents  that  are 
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billion  dollars  and  for  all  livestock 
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ally because  of  the  changes  in  agri- 
cultural production  methods  which 
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fectious disease.  The  concentration  of 
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broiler  production  units  are  examples 
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duce losses  from  infectious  disease. 
One  is  to  eliminate  the  infectious 
agent  from  the  environment  so  that 
animals  will  not  be  exposed.  This  re- 
quires destroying  any  animal  infected 
with  the  organism,  whether  it  be  the 
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such  as  an  insect  that  carries  the  or- 
ganism. This  has  been  effective  in 
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not  highly  transmissible  and  that  may 
not  survive  long  periods  outside  the 
host.  Examples  are  the  eradication  in 
the  United  States  of  hog  cholera  in 
swine  and  smallpox  in  humans. 

The  low-level  feeding  of  antimicro- 
bial drugs  is  another  way  to  control 
infectious  agents,  especially  in  new- 
born animals.  The  development  of  re- 
sistant strains  of  many  micro-orga- 
nisms to  a  number  of  antimicrobials 
has  caused  concern  although  this 
method  is  still  widely  used. 

A  third  method  of  control  is  to  im- 
munize animals  with  a  form  of  the 
organism  that  will  induce  an  immune 
response.  This  requires  the  use  of 
vaccines  containing  an  immunogen 
that  induces  persisting  protection 
against  the  invading  organism. 

Actually,  all  three  methods  may  be 
used  in  some  form,  but  the  third 
method,  immunization,  offers  the 
greatest  promise.  It  is  simple,  inex- 
pensive, requires  few  administrations, 
and,  most  importantly,  prevents  infec- 
tion and,  therefore,  minimizes  dam- 
age that  often  accompanies  infection. 
Greater  safety  and  effectiveness  in 
newer  biological  products  will  en- 
hance their  use. 

Immune  System 

To  understand  how  vaccines  protect, 
it  is  important  to  understand  how  the 
immune  system  defends  an  animal 
against  an  infectious  agent.  (Editor's 
note:  To  conserve  space,  the  author's 
explanation  of  the  body's  immune 
system  was  eliminated,  and  the  read- 
er's attention  is  directed  to  an  expla- 
nation of  that  system  in  Gary  A.  Split- 
ter's article.) 

Vaccines  in  Current  Use 

Instead  of  allowing  infections  to  occur 
naturally,  it  has  long  been  the  prac- 
tice to  expose  animals  to  infectious 
agents  artificially  so  that  they  will  de- 
velop antibodies  and  be  protected 


against  the  common  disease-causing 
organisms.  Thus,  many  vaccines  have 
been  developed  and  used  in  animals 
to  control  the  more  serious  infectious 
diseases.  The  vaccines  in  use  now  are 
made  from  either  attenuated  living 
organisms  or  inactivated  organisms. 

The  attenuated  living  organisms 
have  reduced  virulence,  are  required 
only  in  small  amounts,  and,  in  gen- 
eral, induce  long-lasting  immunity. 
They  elicit  a  controlled  subclinical  in- 
fection and,  in  general,  are  very  effec- 
tive. Occasionally,  however,  they  pro- 
duce side  effects  that  may  be  as 
severe  as  the  natural  infection. 

Inactivated  vaccines  are  safe  in  that 
they  do  not  contain  any  infectious 
material,  but  they  are  weak  in  terms 
of  stimulating  an  immune  response. 
They  usually  require  multiple  injec- 
tions over  several  weeks  to  induce  an 
immune  response  comparable  to  that 
induced  by  living  organisms.  They 
also  may  cause  undesirable  side  ef- 
fects evident  both  at  the  site  of  inocu- 
lation and  sometimes  as  a  general 
side  reaction  as  the  animal  responds 
adversely  to  the  many  antigenic  com- 
ponents in  the  vaccine. 

In  other  words,  the  use  of  whole 
organisms  in  either  the  living  or  inac- 
tivated form  may  cause  adverse  reac- 
tions. These  reactions  are  due  to 
certain  components  of  the  whole  or- 
ganism, that  is,  proteins,  lipids  or  car- 
bohydrates that  may  not  be  necessary 
for  immunization. 


Synthetic  Vaccines 

Biosynthetic  Process.  The  ob- 
jective of  vaccine  development  over 
the  years  has  been  to  identify  the  im- 
portant antigens  responsible  for  pro- 
tection and  to  produce  them  in  the 
purest  form.  But  only  recently  has  re- 
combinant DNA  technology,  (rDNA, 
genetic  engineering)  become  avail- 
able to  help  produce  defined  antigens, 
or  antigenic  determinants,  on  a  large 
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scale  and  in  a  cost-effective  manner. 
The  isolation  of  these  antigenic  deter- 
minants on  the  surface  of  infectious 
agents  represents  the  first  step  in 
trying  to  produce  a  more  specific  an- 
tigen. Since  these  determinants  occur 
in  repeating  subunits  and  their  pro- 
duction is  controlled  by  specific  genes 
in  the  nucleus  of  the  organism,  these 
genes  may  be  used  to  produce  anti- 
genic determinants. 

By  isolating  the  specific  gene 
(DNA)  that  encodes  for  the  surface 
antigenic  determinant,  and  by  using  a 
plasmid  (a  piece  of  DNA  that  occurs 
naturally  in  bacteria  and  yeast)  to  in- 
sert this  gene  as  a  bacteria,  yeast,  or 
mammalian  cell,  the  gene  recombines 
with  the  cell's  own  genes  to  produce 
the  antigenic  determinant  along  with 
other  cellular  products.  The  antigenic 
determinant  may  be  isolated  and  used 
as  an  immunogen.  This  immunogen 
will  be  recognized  by  the  immune 
system  as  being  foreign  and  will  stim- 
ulate the  production  of  antibodies  or  a 
cellular  response  that  will  protect  the 
animal  or  prepare  the  animal's  im- 
mune system  for  future  infection  with 
the  infectious  agent. 

Antigenic  determinants  can  be  pro- 
duced by  growing  the  cells  on  a  large 
scale  and  collecting  and  purifying  the 
antigen  as  it  is  expressed.  The  anti- 
gen may  have  improved  characteris- 
tics compared  to  the  antigen  derived 
from  the  whole  organism.  These 
characteristics  are  purity,  safety,  and 
stability.  Also,  the  risk  of  having  the 
vaccine  contaminated  with  infectious 
material  used  in  production  of  the 
whole  organism  is  reduced.  All  of 
these  characteristics  help  in  develop- 
ing improved  vaccines. 

Chemical  Synthesis.  Another 
method  of  producing  antigenic  deter- 
minants is  chemical  synthesis.  Most 
antigenic  determinants  are  proteins 
composed  of  chains  of  amino  acids. 
Individual  amino  acids  may  be  linked 
together  in  a  linear  form  to  mimic  anti- 


genic determinants.  So,  if  the  amino 
acid  sequence  of  the  native  antigenic 
determinant  is  known,  it  can  be  made 
synthetically. 

One  way  to  determine  the  amino 
acid  sequence  of  an  antigenic  site  is 
to  isolate  the  gene  that  encodes  for  it. 
The  gene  is  composed  of  DNA  that 
contains  the  genetic  code  in  its  nu- 
cleotide sequence.  This  nucleotide  se- 
quence can  be  determined,  and  it  will 
translate  into  an  amino  acid  sequence 
(the  bases,  adenine,  thymine,  guan- 
ine and  cytosine  code  in  triplet  com- 
bination for  each  amino  acid).  Thus, 
an  amino  acid  sequence  for  a  surface 
protein  may  be  derived  from  the  nu- 
cleotide sequence  of  its  gene.  Only  a 
small  part  of  this  surface  protein  may 
be  required  to  produce  an  immunogen. 

The  peptide  can  be  made  by  se- 
quentially adding  amino  acids.  Forty 
or  50  amino  acids  may  be  joined  to- 
gether in  a  linear  sequence  forming  a 
peptide  by  using  an  amino  acid  syn- 
thesizer controlled  by  a  computer  pro- 
gram. The  peptide  is  removed  from 
the  resin  and  may  be  coupled  to  a 
carrier  protein  or  polymerized  to  in- 
crease its  size.  These  forms  of  the  an- 
tigenic determinant  have  been  found 
to  be  active  in  inducing  humoral  and 
cellular  immune  responses. 

The  advantage  of  chemically  syn- 
thesized peptides  over  biosynthesized 
peptides  is  that  the  chemical  process 
is  more  precise  and  reduces  the  varia- 
bility found  in  a  biological  process. 
This  precision  leads  to  further  im- 
provement in  purity.  There  also  is  no 
chance  that  an  infectious  agent  or 
foreign  nucleic  acid  will  find  its  way 
into  a  chemically  synthesized 
product. 


Other  Approaches  to 
Improve  Vaccines 

The  use  of  live  attenuated  organisms 
as  vaccines  to  produce  a  controlled 
infection  has  been  the  major  method 
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Synthetic  Virus  Production 
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of  protecting  animals  and  humans. 
This  type  of  vaccine  usually  yields  a 
long-lasting  immune  response  with 
one  inoculation.  Although  there  is 
some  risk  that  the  organism  used  in 
this  type  of  vaccine  may  revert  to  a 


more  virulent  form  or  that  the  indi- 
vidual animal  may  respond  adversely 
to  the  organism,  the  benefit  usually 
outweighs  the  risk  incurred. 

Recombinant  technology  offers  a 
method  of  improving  this  type  of  vac- 
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cine  by  recombining  genes  for  immu- 
nodominant antigens  from  other  in- 
fectious agents  with  the  genes 
normally  found  in  the  organism  used 
in  the  vaccine.  Vaccinia  (cowpox  vi- 
rus) has  been  the  most  widely  studied 
virus  used  for  this  purpose  because  of 
its  large  set  of  genes  and  wide  host 
range.  It  will  infect  many  animal  spe- 
cies by  replicating,  causing  antibodies 
to  be  produced  against  both  the  vac- 
cinia virus  and  also  against  other  pro- 
teins encoded  by  the  inserted  DNA. 

A  number  of  bacterial  organisms 
also  have  been  used  for  this  purpose. 
These  include  Salmonella  typhi  and 
Vibrio  cholera.  Using  genetic  engi- 
neering techniques,  the  genes  caus- 
ing the  virulence  of  these  organisms 
may  be  deleted  while  still  allowing 
the  organism  to  propagate  in  the  host 
animal.  Genes  that  encode  for  a  sur- 
face antigenic  determinant  may  be 
inserted  into  the  bacterial  genome 
(set  of  chromosomes,  with  genes), 
thereby  allowing  the  organism  to  ex- 
press an  immunodominant  antigen. 
This  type  of  bacterium  has  the  advan- 
tage that  its  cellular  material  often  at- 
tracts leukocytes,  allowing  more  rapid 
processing  of  the  antigens  bringing 
an  improved  immune  response. 

The  advantage  of  attenuated  living 
organisms  in  vaccines  is  that  they  re- 
produce— allowing  a  small  number  of 
organisms  to  be  used.  These  may 
mimic  the  natural  organism,  produc- 
ing a  large  amount  of  antigen  that  re- 
sults in  a  longer  lasting  immunity. 

Use  of  Vaccines 

Although  vaccines  are  effective  in 
controlling  many  animal  diseases, 
many  debilitating,  life-threatening 
diseases  are  still  endemic.  Present 
vaccines  are  not  always  safe,  are  not 
stable  (require  refrigeration),  and 
have  not  been  developed  for  many  in- 
fectious diseases.  The  new  technology 
called  genetic  engineering  will  help 
solve  many  of  these  problems  and 


make  more  vaccines  available  that  are 
safer,  more  stable  and  more  effective. 
Their  wide-scale  use  as  multivalent 
products  will  further  reduce  infec- 
tious diseases. 

fmiminopharmaceuticafs 

Relatively  few  pharmaceutical  prod- 
ucts are  used  today  to  regulate  the 
immune  system  of  animals.  These 
products  are  being  used  as  aids  in 
vaccines  to  stimulate  the  immune  re- 
sponse to  prevent  disease  or  to  treat 
disease  conditions  such  as  in  immu- 
nodeficiency or  in  chronic  infection. 
Crude  bacterial  extracts  from  Myco- 
bacteria, Corynebacteria,  Pseudo- 
monas  and  Salmonella  organisms 
have  been  used.  They  have  proved  to 
have  an  immuno-stimulating  effect, 
although  their  mode  of  action  is  not 
entirely  clear.  Separated  fractions  of 
these  bacterial  products  have  been 
shown  to  be  more  active  and  much 
safer  to  administer  than  the  crude 
products. 

Recent  developments  in  the  field  of 
immunology  have  furthered  our  un- 
derstanding of  how  to  regulate  the 
immune  system  and  will  lead  to  the 
development  of  many  new  pharma- 
ceutical products.  Some  of  these  are 
natural  products  from  the  immune 
system,  such  as  thymic  hormones, 
monokins  (interleukin  1),  lymphokines 
(interleukin  2),  and  interferons. 
These  substances  modulate  the  im- 
mune system  by  causing  either  stim- 
ulation or  suppression. 

There  also  are  chemical  substances 
that  exert  a  similar  influence  such  as 
levamasol,  isoprimosine,  corticoste- 
roids, and  cyclosporin  A.  These  are 
available  as  products  but  are  not 
widely  used. 

It  is  now  clear  that  the  immune 
system  is  the  master  control  system 
that  has  great  influence  over  most 
body  functions.  Products  that  affect 
this  system  will  be  important  in  the 
future  of  animal  health. 
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New  Vaccines 
for  Old 


Kenneth  J.  Cremer,  associate 
program  manager,  Biotechnology 
Competitive  Research  Grants 
Office,  Office  of  Grants  and 
Program  Systems 

Opportunities  for  advances  that 
will  improve  livestock  productiv- 
ity are  greater  today  than  ever  before 
through  the  powerful  new  products  of 
the  biotechnological  process.  Each 
year,  because  of  disease,  the  produc- 
tivity of  livestock  and  poultry  in  the 
United  States  is  reduced  by  an  esti- 
mated 15  to  20  percent.  Investiga- 
tions show  that  many  animal  diseases 
can  be  controlled  by  combinations  of 
procedures,  such  as  improved  diagno- 
sis, control  of  the  insect  carriers  of 
disease,  vaccination  of  susceptible  an- 
imals, enhancement  of  the  immune 
system,  and  improved  therapy. 

Most  vaccines  against  pathogenic 
(disease-producing)  organisms  of 
viral,  bacterial,  fungal,  or  parasitic  or- 
igin consist  of  the  organism  being 
either  killed  or  chemically  weakened 
or  genetically  modified  to  reduce  its 
virulence.  The  animal's  immune  sys- 
tem responds  to  vaccines  by  produc- 
ing antibodies  that  bind  to  antigens  or 
surface  structures  of  the  infecting  or- 
ganism, labeling  it  for  attack  and  de- 
struction by  the  immune  system.  An- 
tibodies produced  in  response  to  the 
modified  or  killed  pathogen  circulate 
throughout  the  animal's  body  and 
render  the  animal  resistant  to  later 
infections  by  the  live  pathogenic 
organism. 

Vaccinia  Virus  Vectors 

During  the  last  few  years,  several 
groups  of  U.S.  scientists  have  de- 


signed vaccine  vectors  (carriers)  that 
may  someday  be  universally  used  to 
safely  vaccinate  a  variety  of  animal 
species  against  a  number  of  infec- 
tious agents.  Vaccinia  virus  vaccines 
were  used  extensively  worldwide  dur- 
ing the  smallpox  eradication  cam- 
paign 10  to  20  years  ago.  These  same 
smallpox  vaccines  have  recently  been 
genetically  engineered  to  express  for- 
eign proteins  from  different  disease- 
causing  organisms,  allowing  their  po- 
tential use  as  vaccine  vectors  for  do- 
mestic animals  as  well  as  humans. 
The  genetically  modified  vaccinia  vi- 
rus grows  in  most  animal  species  and 
can  be  engineered  to  express  one  or 
more  foreign  protein  antigens,  thus 
increasing  their  general  utility  and 
potential  effectiveness. 

The  use  of  modified,  weakened  live 
viruses  to  stimulate  immune  re- 
sponses exemplifies  the  exciting  and 
powerful  recent  advances  in  applying 
genetic  engineering  and  recombinant 
DNA  technologies  to  the  problems  of 
control  and  eradication  of  infectious 
diseases  in  domestic  animals,  both  in 
the  West  and  Third  World  countries. 

Vesicular  Stomatitis 
Virus 

Vesicular  stomatitis  virus  (VSV)  is  a 
highly  contageous  disease  of  cattle, 
horses,  and  pigs,  characterized  by 
vesicular  lesions  on  the  tongue  and 
other  areas  inside  the  mouth.  The  le- 
sions are  similar  to  those  seen  in  ani- 
mals infected  with  foot-and-mouth 
disease,  another  highly  contageous 
and  fatal  cattle  disease.  Humans  also 
are  susceptible  to  VSV,  and  exhibit 
influenza-like  symptoms.  Outbreaks 
of  VSV  have  been  devastating  to  the 
livestock  industry,  as  exemplified  by  a 
recent  epizootic  outbreak  in  13  West- 
ern States. 

VSV  has  five  distinct  proteins,  only 
one  of  which,  the  G-glycoprotein,  has 
been  shown  to  promote  protective  im- 
munity. Vaccinia  virus  has  recently 
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been  genetically  engineered  to  ex- 
press the  VSV  G-glycoprotein.  Experi- 
ments recently  completed  with  this 
vaccine  indicated  that  immunity  to 
the  G  protein  was  induced  in  vacci- 
nated cattle.  It  effectively  protected 
animals  from  a  controlled  infection  by 
VSV  under  laboratory  conditions, 
whereas  unvaccinated  animals  were 
susceptible  to  mouth  infection  of  VSV. 
Field  trials  are  planned  to  determine 
this  vaccine's  effectiveness  in  a  natu- 
ral setting. 

Bluetongue  Virus 

Bluetongue  (BTV)  is  an  arthropod- 
transmitted  viral  disease  of  both  do- 
mestic and  wild  ruminants  in  the 
United  States,  Asia,  Australia,  Eu- 
rope, and  Africa.  The  virus  can  be 
transmitted  between  cattle  and  sheep 
by  gnats. 

The  disease  is  characterized  by  fe- 
ver, erosion,  and  ulceration  inside  the 
nose,  lameness,  weight  loss,  and 
eventual  death  of  some  infected  ani- 
mals. Direct  losses  from  subclinical 
disease,  fetal  death  or  abortion,  and 
the  hazards  of  animals  introducing 
the  infection  to  a  susceptible  flock  or 
herd  are  well  appreciated  by  ranchers 
and  veterinarians.  A  segment  of  the 
bluetongue  virus  genome  (set  of 
chromosomes  with  genes)  has  been 
cloned  recently.  Construction  of  a  re- 
combinant vaccinia  virus  expressing 
one  of  the  BTV  capsid  structural  pro- 
teins is  under  way.  Limited  experi- 
mental trials  of  the  recombinant  virus 
under  controlled  conditions  are  con- 
templated for  the  near  future. 

Anaplasmosis 

Anaplasmosis  is  a  parasitic  blood  dis- 
ease of  cattle  and  other  ruminants 
caused  by  the  micro-organism  rickett- 
sia  Anaplasma  marginale.  Anaplasmo- 
sis occurs  worldwide  in  tropical  and 
subtropical  areas,  including  several 
regions  of  the  United  States,  where 


Lesions  on  a  cow's  tongue  show  the 
presence  of  vesicular  stomatitis  virus. 


annual  losses  amount  to  50,000  cattle 
deaths  with  an  estimated  value  of 
$100  million. 

The  rickettsia  is  transmitted  by 
ticks  and  biting  flies  to  susceptible 
cattle  where  it  infects  the  red  blood 
cells.  During  the  acute  infection  the 
parasite  increases  geometrically  in 
number,  causing  extreme  anemia. 
The  next  step  is  a  marked  weight 
loss,  abortion  in  pregnant  cows,  and 
even  death.  Catde  that  recover  suffer 
persistently  from  low-level  infection 
and  serve  as  a  reservoir  for  transmit- 
ting the  organism  to  other  susceptible 
cattle. 

Recently,  one  of  the  major  surface 
antigens  of  the  anaplasma  parasite 
was  identified.  Current  research  fo- 
cuses on  more  fully  characterizing 
the  genetic  material  (DNA)  coding  for 
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A  sheep  receives  an  injection  of  a  killed-virus  bluetongue  vaccine. 
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this  gene.  It  is  envisioned  that  this 
gene  could  be  genetically  engineered 
into  vaccinina  virus  vectors. 

To  be  completely  effective,  a  para- 
site vaccine  must  provide  sufficient 
immunity  to  eliminate  100  percent  of 
the  infecting  organisms,  since  at  each 
stage  of  the  parasite's  life  cycle,  dif- 
ferent surface  proteins  may  be  pres- 
ent. Because  a  vaccine  against  one 
stage  may  not  be  effective  against  a 
later  stage  of  the  same  parasitic  dis- 
ease, it  may  be  necessary  to  construct 
vaccines  expressing  surface  antigens 
from  each  stage  of  the  parasite's  life 
cycle  for  complete  protection. 

Immunoadjuvants 

The  antiviral  and  immunoregulatory 
effects  of  bovine  interferons  and  in- 
terleukin-2  are  being  assessed  in  cat- 
tle for  their  potential  to  increase  the 
cattle's  immune  response  to  specific 
viral  antigens.  Interferon  is  one  of 
several  lymphokines  (proteins)  that 
act  directly  on  B-cells  and  stimulate 
immunoglobulin  secretion  by  twofold 
to  fivefold  in  experimental  animals. 
Interleukin-2  (IL-2),  an  immunomod- 
ulator,  is  released  from  antigen-stimu- 
lated lymphocytes  and  functions  to 
switch  T  lymphocytes  into  a  prolifera- 
tive phase,  thus  allowing  for  clonal 
expansion  of  the  stimulated  popula- 
tion of  cells. 

The  bovine  genes  for  these  biologi- 
cally important  immunomodulators 
will  soon  be  inserted  into  vaccinia  vi- 
rus vectors  so  that  their  potential  to 
enhance  the  immune  response  can  be 
assessed  in  a  domestic  animal.  If 
these  immunomodulators  can  in- 
crease the  immune  response,  the 
concept  of  vaccination  may  be 
revolutionized. 

Advantages  of  Live 
Vaccines 

Live  vaccines,  such  as  vaccinia  virus 
vectors,  have  distinct  advantages  over 


inactivated,  subunit,  or  synthetic  vac- 
cines because  they  multiply  in  the 
vaccinated  host  and  produce  more 
antigen,  and  potentially  a  higher  level 
of  and  more  durable  immunity.  In  ad- 
dition, several  related  or  unrelated 
foreign  protein  antigens  can  be  si- 
multaneously expressed  from  a  single 
vaccine  preparation,  allowing  the  vac- 
cination of  a  herd  of  animals  against 
several  diseases  simultaneously. 

Recombinant  vaccines  expressing 
varied  combinations  of  foreign  pro- 
teins can  be  constructed,  allowing 
vaccines  to  be  targeted  specifically  for 
diseases  of  extreme  veterinary  con- 
cern, in  different  regions  of  the  world. 
The  eventual  exportation  of  these 
vaccines  and  their  technologies  to 
Third  World  countries  is  an  endeavor 
toward  which  everyone  associated 
with  basic  research  in  disease  preven- 
tion is  striving. 
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David  W.  Krogmann,  professor, 
Department  of  Biochemistry, 
Purdue  University,  West  Lafayette, 
IN 


The  process  of  photosynthesis  is  of 
supreme  importance  to  all  of  us 
in  that  it  is  the  basis  for  agriculture 
and  the  source  of  biological  fuel  and 
building  blocks  for  virtually  all  living 
creatures.  In  addition  to  providing  the 
food  and  fiber  of  this  year's  crops  for 
this  year's  needs,  photosynthesis  has 
provided,  in  ancient  times,  the  vast 
amounts  of  green  plant  material  that 
became  trapped  in  the  earth  and  were 
converted  into  coal  and  oil — the  fossil 
fuels  which  provide  so  much  of  our 
energy  supply  today.  Furthermore, 
photosynthesis  has,  over  the  long  his- 
tory of  our  planet,  supplied  the  oxy- 
gen in  the  atmosphere  which  makes 
life  possible  for  us. 

Characteristics  of 
Photosynthesis 

Several  characteristics  of  the  process 
of  photosynthesis  should  be  empha- 
sized. The  first  is  that  photosynthesis 
is  a  process  of  enormous  magnitude 
on  the  global  scale.  About  one 
hundred  billion  tons  of  carbon  from 
the  carbon  dioxide  gas  in  the  atmos- 
phere are  converted  each  year  by 
green  plants  into  the  organic  mole- 
cules which  become  the  substance  of 
newly  grown  plants. 

In  addition  to  uniqueness  in  mag- 
nitude, photosynthesis  is  unique  in 


the  efficiency  with  which  it  converts 
light  energy  into  useful  chemical 
products.  Green  plants  are  far  more 
efficient  than  the  photocells  which 
power  pocket  computers  and  power 
some  of  the  devices  in  satellites  and 
space  probes. 

Finally,  there  is  a  uniqueness  in 
the  uniformity  of  photosynthesis  in 
that  the  chemical  machinery  in  the 
leaves  of  grass  and  the  leaves  of  oaks 
is  nearly  identical.  This  is  of  great 
practical  importance  since  if  we  learn 
to  regulate  the  process  in  some  very 
simple  plant  like  a  microscopic  alga, 
we  will  be  able  to  regulate  the  proc- 
ess in  complex  crop  plants  like  corn. 

Photosynthetic  Energy 
Conversion 

Light  energy  is  collected  by  an  array 
of  pigment  molecules  which  act  like  a 
radio  or  a  TV  antenna  in  collecting 
radiant  energy  which  falls  on  its  sur- 
face. The  energy  is  transferred  at 
enormous  speed  to  a  processing 
center. 

In  your  house,  antenna  collection 
and  energy  processing  result  in  sound 
or  a  picture.  In  the  plant,  the  col- 
lected energy  is  used  to  do  chemical 
work  that  ultimately  results  in  more 
plant  material.  The  energy  processing 
occurs  in  what  is  called  a  "reaction 
center,"  a  complex  of  proteins  and 
pigments.  Light  energy  collected  in 
the  antenna  and  delivered  to  the  "re- 
action center"  is  used  to  make  a 
chemical  change — to  push  an  elec- 
tron away  from  one  molecule  into  a 
neighboring  molecule.  This  happens 
with  dazzling  speed — in  less  than  a 
pico  second  (10~12)  which  is  one  mil- 
lionth of  one  millionth  of  a  second.  A 
quick  reaction  occurs  when  light 
strikes  many  molecules,  but  the  usual 
result  is  for  the  electron  to  bounce 
back  to  its  point  of  origin  and  no 
chemical  change  is  accomplished. 

Photosynthesis  is  unique  in  that 
the  energized  electron  is  captured 
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and  stabilized  with  high  efficiency. 
Part  of  the  efficiency  may  come  from 
the  series  of  slightly  slower  steps  that 
move  the  electron  on  to  other  neigh- 
boring molecules.  Only  recendy,  with 
the  development  of  laser  technology, 
could  we  measure  changes  that  occur 
so  rapidly.  Now  the  pico  second 
measurements  are  allowing  new  un- 
derstanding of  the  result  of  light  ab- 
sorption by  a  molecule.  Part  of  the  ef- 
ficiency may  depend  on  the  way  in 
which  the  complex  molecules  of  the 
"reaction  center"  are  fitted  together. 

In  1985,  it  became  clear  that  we 
could  know  the  precise  architecture 
of  the  "reaction  center"  from  break- 
throughs in  x-ray  crystal  structure 
analysis.  This  analysis  will  pinpoint 
the  locations  of  the  many  thousands 
of  individual  atoms  in  the  complex 
molecules  that  make  up  the  "reaction 
center."  Like  a  child  looking  inside  a 
watch,  we  can  now  see  all  the  pieces 
and  how  they  fit  together.  When  we 
understand  how  each  piece  works,  we 
will  not  only  know  why  photosyn- 
thesis is  unique  in  photoconversion  of 
energy,  but  we  also  may  hope  to  im- 
prove on  the  efficiency  of  human  de- 
vices like  photocells. 

In  recent  years,  herbicide-resistant 
varieties  of  weeds  have  appeared. 
With  knowledge  of  which  polypeptide 
interacts  with  the  herbicide,  we  have 
begun,  with  the  new  techniques  of 
molecular  biology  and  genetic  engi- 
neering, to  study  this  polypeptide  in 
more  detail.  By  learning  more  about 
how  the  herbicide  poisons  this  pro- 
tein, we  can  design  new  herbicides  to 
poison  the  new  resistant  varieties  of 
weeds.  Resistance  can  be  genetically 
engineered  into  crop  plants  to  more 
easily  rid  them  of  susceptible  weeds. 

This  is  but  a  single  example  of  the 
frequent  experience  of  the  last  few 
decades.  Precise  knowledge  of  the 
structure  and  function  of  individual 
molecules  gives  us  great  power  to 
manipulate  nature  to  the  best 
advantage. 


Recent  research  Into  the  process  of 
photosynthesis  is  helping  scientists 
genetically  engineer  superior  crops  and 
improve  crop  productivity. 


The  diagram  outlines  a  pathway  to 
stable  products  of  photosynthetic 
energy  conversion  which  are  used  in 
yet  another  complex  process  of  con- 
version of  carbon  dioxide  from  the 
atmosphere  into  sugar  molecules. 
These  molecules  can  then  be  con- 
verted into  all  the  other  kinds  of  mol- 
ecules— proteins,  nucleic  acids,  fats, 
and  so  forth — that  are  the  substance 
of  the  new  plant. 

The  first  step  in  this  C02  fixation 
process  is  made  possible  by  the  en- 
zyme ribulose  bis  phosphate  carboxyl- 
ase. It  is  the  limiting  reagent  of  pho- 
tosynthetic C02  fixation.  If  there  is 
more  enzyme  or  if  the  enzyme  works 
more  efficiently,  there  is  more  C02 
fixation  and  more  plant  production.  It 
catalyzes  the  series  of  reactions  indi- 
cated in  the  upper  pathway  which 
also  use  compounds  produced  by 
light  and  which  ultimately  fix  the 
C02  into  the  stable  products  of  a 
growing  plant.  The  alternative  is  for 
the  enzyme  to  react  with  02  instead 
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Pathway  to  Stable  Products  of 
Photosynthetic  Energy  Conversion. 
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of  C02  as  shown  in  the  lower  path- 
way, and  the  result  is  a  lowering  of 
C02  fixation  and  a  decrease  in  pro- 
ductivity. This  undesirable  alternative 
often  occurs  in  crop  plants. 

Presently  we  are  learning  the  pre- 
cise structure  and  the  chemical  de- 
tails of  functioning  of  this  enzyme. 
There  is  a  good  possibility  that  the 
powerful  tools  of  biotechnology — mo- 
lecular biology  and  genetic  engineer- 
ing— will  allow  us  to  regulate  the 
choice  between  these  two  alternative 
reactions  and  so  improve  crop  pro- 
ductivity at  its  most  fundamental 
level. 


Nitrogen 
Fixation  in 
ffon- 

leguminous 
Plants 

Iris  F.  Martin,  associate  program 
manager,  Competitive  Research 
Grants  Office,  Office  of  Grants  and 
Programs 

Tremendous  advances  have  been 
made  in  the  last  10  years  toward 
understanding  nitrogen  fixation  at  the 
molecular  level.  The  transfer  to  plants 
of  nitrogen-fixation  genes  is  an  intri- 
guing consideration.  Let  us  first  look 
at  the  process  of  biological  nitrogen 
fixation  and  then  at  the  more  recent 
developments  in  molecular  genetics 
that  are  providing  information  that 
may  make  such  transfer  of  genes  pos- 
sible in  future  years. 

Process  of  Biological 
Nitrogen  Fixation 

Nitrogen  gas  (N2)  makes  up  79  per- 
cent of  the  earth's  atmosphere.  But 
before  plants  can  use  this  molecular 
nitrogen  for  the  synthesis  of  amino 
acids  and  proteins,  it  must  be  con- 
verted to  combined  or  "fixed"  nitro- 
gen compounds.  Plants  do  not  have 
this  ability.  Making  atmospheric  ni- 
trogen available  to  the  food  chain  is 
restricted  to  certain  prokaryotes  (cel- 
lular organisms  without  a  distinct  nu- 
cleus), such  as  bacteria  and  cyano- 
bacteria  (blue-green  algae),  which 
contain  an  enzyme  called  nitrogen- 
ase.  Nitrogenase  is  composed  of  two 
proteins — iron  and  molybdenum- 
iron — and  catalyzes  the  reduction  of 
gaseous  nitrogen  (N2)  to  ammonia 
(NH3). 
This  process  requires  large 
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lular organisms  without  a  distinct  nu- 
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iron — and  catalyzes  the  reduction  of 
gaseous  nitrogen  (N2)  to  ammonia 
(NH3). 
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amounts  of  energy  (ATP)  and  reduc- 
ing equivalents  (electrons).  The  sun 
is  the  ultimate  source  of  the  energy 
for  nitrogen  fixation  with  the  ATP 
being  derived  from  carbon  com- 
pounds such  as  sugars  manufactured 
by  the  plants  through  photosynthesis. 
The  reducing  equivalents  pass  from 
an  electron  donor,  a  protein  such  as 
ferredoxin  or  flavodoxin,  to  the  iron 
protein  and  then  on  to  the  molybde- 
num-iron protein  where  the  conver- 
sion of  N2  to  NH3  occurs.  Since  both 
proteins  of  the  enzyme  are  inactivated 
by  oxygen,  some  bacteria  fix  nitrogen 
only  when  they  are  growing  in  the 
absence  of  oxygen.  Others  have 
evolved  mechanisms  and  anatomical 
structures  which  protect  the  enzyme 
from  oxygen. 

Nitrogen-Fixing 
Symbioses 

Some  bacteria  fix  nitrogen  in  the 
free-living  state  and  others  only  when 
living  in  a  symbiotic  relationship  with 
a  plant.  Dissimilar  organisms  which 
live  together  in  a  mutually  beneficial 
relationship  are  said  to  be  in  sym- 
biosis. The  smaller  member  is  the 
symbiont.  Legumes  such  as  soybeans, 
peas,  and  alfalfa  are  well-known 
plants  which  enter  into  nitrogen-fix- 
ing symbioses  when  their  roots  are 
infected  by  specific  bacteria  called 
Rhizobia.  The  plant  forms  nodules  in 
which  the  bacterium  reduces  N2  to 
ammonia.  More  complex  compounds 
of  nitrogen  are  synthesized  from  the 
ammonia  and  transported  to  other 
parts  of  the  plant.  The  plant  provides 
the  bacterium  with  carbon  com- 
pounds that  are  metabolized  to  obtain 
the  energy  for  the  reduction  of  the 
nitrogen. 

Some  plants  that  are  not  legumes 
also  enter  into  nitrogen-fixing  relation- 
ships and  contribute  significant  quan- 
tities of  fixed  nitrogen  to  their  envi- 
ronments. One  example  is  a  small 
water- fern,  Azolla,  which  harbors  a 


When  Anabaena  filaments  grow  in  the 
absence  of  fixed  nitrogen,  some  cells  may 
differentiate  into  heterocysts  (indicated  by 
arrows). 


cyanobacterium  Anabaena  azollae,  as 
a  symbiont.  It  is  used  as  a  source  of 
nitrogen  in  the  cultivation  of  rice.  An- 
other group  includes  certain  trees  and 
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As  an  Azolla  leaf  develops  at  the  apex  of  the  stem,  a  cavity  forms  and  becomes 
inoculated  with  Anabaena  filaments. 


Klebsiella  Pneumoniae  Nitrogen  Fixation  Genes 
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shrubs,  whose  roots  become  infected 
with  the  bacterium  Frankia,  for  ex- 
ample, the  alder  tree.  Study  of  the 
partners  of  these  symbioses  and  their 
interactions  are  likely  to  provide  new 
insights  and  unique  opportunities  to 
obtain  genetic  information  that  will 
have  parallels  in  the  legumes. 

Azolla- Anabaena  Symbiosis. 

Nitrogen  is  frequently  a  limiting  ele- 
ment in  rice  paddies,  and  the  cost  of 
nitrogen  fertilizer  is  often  prohibitive 
especially  in  the  poorer  countries. 
The  water-fern,  Azolla,  can  serve  as  a 
source  of  biologically  fixed  nitrogen 
for  rice.  The  Anabaena  symbiont  can 


meet  the  complete  nitrogen  require- 
ment of  the  fern,  and  decomposition 
of  the  fern  supplies  nitrogen  to  the 
rice  plant.  Azolla  can  be  used  as  a 
green  manure  or  grown  as  a  compan- 
ion crop  with  rice  plants  increasing 
rice  yields  by  as  much  as  100  percent 
over  unfertilized  controls. 

Cyanobacteria  such  as  Anabaena 
are  not  only  among  the  few  orga- 
nisms which  can  fix  nitrogen  while 
growing  under  aerobic  conditions 
(that  is,  with  oxygen  present)  but  are 
the  only  oxygen-evolving  organisms 
with  this  capability.  Free-living  Ana- 
baena grows  in  the  presence  of  com- 
bined nitrogen  as  a  filament  of  vege- 
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tative  cells.  In  the  absence  of  a 
combined  nitrogen  source,  some  cells 
along  the  filament  differentiate  into 
specialized  cells  called  heterocysts. 
They  develop  an  outer  envelope,  lose 
their  oxygen-evolving  capacity,  and 
provide  an  environment  in  which 
nitrogenase  can  function.  When 
certain  strains  of  Anabaena  live  in 
symbiosis  with  Azolla,  they  become 
less  dependent  on  their  own  photo- 
synthetic  capacity  as  an  energy  sup- 
ply. More  vegetative  cells  differentiate 
into  heterocysts,  more  nitrogen  can 
therefore  be  fixed,  and  the  nitrogen 
requirements  of  the  host  can  be  met. 
In  Azolla  the  Anabaena  reside  in  a 
cavity  of  the  leaf.  This  symbiosis  ex- 
hibits synchronous  development.  As  a 
leaf  develops  at  the  apex  of  the  stem, 
the  forming  leaf  cavity  becomes  inoc- 
ulated with  Anabaena.  As  leaves  age, 
an  increasing  percentage,  up  to  40 
percent,  of  the  Anabaena  cells  be- 
come differentiated  into  heterocysts, 
and  parallel  adaptations  occur  in  the 
fern  tissues. 

Actinorhizal  Symbioses. 

Strains  of  the  bacterium,  Frankia,  in- 
fect a  large  array  of  nonleguminous 
trees  and  shrubs.  These  plants  (acti- 
norhizal) fix  significant  nitrogen  in 
forests,  especially  in  poor  soils,  and  a 
number  of  them  can  grow  under  dry 
or  acid  conditions.  These  attributes 
make  them  excellent  primary  coloniz- 
ers of  post-glacial  and  post-mining 
soils. 

Although  nodules  have  been  ob- 
served on  actinorhizal  plants  for  over 
150  years,  Frankia  was  not  isolated  in 
pure  culture  until  1978.  Many  differ- 
ent strains  of  the  bacterium  have 
since  been  isolated.  Some  have  re- 
cently been  grown  on  a  scale  ade- 
quate for  inoculant  production. 

Frankia  behave  very  much  like  the 
bacteria  that  infect  legumes  but  con- 
siderably less  is  known  about  the  ac- 
tinorhizal symbioses.  The  bacterium 
multiplies  rapidly  in  the  area  of  the 


root  and  there  is  evidence  of  recogni- 
tion between  the  Frankia  and  the 
plant.  The  bacterium  invades  the 
root,  and  the  plant  responds  to  this 
invasion  by  the  formation  of  a  nodule. 
Unlike  a  soybean  nodule,  in  which 
the  concentration  of  oxygen  is  quite 
low,  actinorhizal  nodules  contain  oxy- 
gen at  approximately  atmospheric  lev- 
els. Within  the  nodule  of  most  host 
plants,  Frankia  develop  vesicles,  or 
pouches,  which  apparently  protect  ni- 
trogenase from  oxygen  and  in  which 
nitrogen  fixation  occurs. 

A  compound  resembling  hemoglo- 
bin, capable  of  readily  binding  and  re- 
leasing oxygen,  has  recently  been 
identified  in  nodules  of  some  actinor- 
hizal plants.  It  may  prove  to  have  a 
function  comparable  to  that  of  leg- 
hemoglobin  in  legumes — mainte- 
nance of  oxygen  flux  at  low 
concentration. 

Molecular  Genetics 

Actinorhizal  symbioses,  cyanobacter- 
ial  symbioses,  and  free-living  cyano- 
bacteria  can  be  of  agronomic  benefit 
through  their  capacity  to  use  the 
sun's  energy  for  photosynthesis  and 
through  the  conversion  of  nitrogen 
from  the  air  to  more  usable  forms. 
Recently  developed  probes  of  molecu- 
lar genetics  are  providing  significant 
new  insights  about  nitrogen-fixing  or- 
ganisms, but  they  are  dependent 
upon  physiological  and  biochemical 
advances  for  an  understanding  of 
which  genes  should  be  modified  and 
the  function  of  the  gene  products. 
The  following  nitrogen-fixing  bacteria 
have  been  studied  at  some  length. 

Klebsiella  Pneumoniae.  The 

nitrogen  fixation  (nif)  genes  have 
been  most  fully  characterized  in  the 
free-living  bacterium,  Klebsiella  pneu- 
moniae. The  genes  were  first  cloned, 
mapped,  and  subjected  to  nucleotide 
sequencing  in  the  late  1970's.  At  least 
17  adjacent  genes  code  for  the  struc 
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ture  and  regulation  of  the  enzymes 
required  for  nitrogen  fixation.  The 
structural  genes,  nif  H  and  D,  and  K 
that  code  for  the  protein  precursors  of 
the  two  nitrogenase  components,  the 
iron  protein  and  the  molybdenum- 
iron  protein  respectively,  have  been 
most  thoroughly  studied.  Their  nu- 
cleotide sequences  have  been  deter- 
mined and  the  amino  acid  sequences 
of  the  proteins  deduced  from  these. 
Nif  A  controls  the  activation  of  the 
other  nif  genes,  and  nif  L  codes  for  a 
protein  that  acts  to  repress  nitrogen 
fixation.  The  expression  of  nif  A  and 
L  is  in  turn  regulated  by  a  central  ni- 
trogen assimilatory  system. 

Rhizobia.  Significant  information 
has  been  gained  in  the  last  few  years 
on  the  nitrogen  fixation  genes  in  Rhi- 
zobia, which  primarily  infect  leg- 
umes. Genes  required  for  nodulation 
have  been  located  in  some  strains  and 
evidence  for  signaling  between  the 
plant  and  the  bacterium  is  just 
emerging. 

Anabaena.  Gene  structure  and 
regulation  have  been  studied  exten- 
sively in  one  strain  of  free-living  Ana- 
baena. Only  four  nif  genes  have  so  far 
been  identified,  among  them  the 
three  structural  genes  for  nitrogen- 
ase. In  the  vegetative  cells  where  one 
does  not  observe  any  nitrogen  fixa- 
tion, one  of  these  genes  is  separated 
from  the  other  two.  A  significant  re- 
cent development  is  the  discovery  of 
gene  rearrangement  that  occurs 
when  the  vegetative  cell  differentiates 
to  a  heterocyst.  A  section  of  DNA  that 
separated  the  genes  in  the  vegetative 
cell  is  excised  such  that,  under  nitro- 
gen-fixing conditions,  the  structural 
genes  are  present  and  are  transcribed 
as  a  single  unit. 

When  growing  in  symbiosis  with 
Azolla,  Anabaena  exports  a  large  por- 
tion of  the  ammonia  produced  to  the 
,  host.  Biochemical  and  genetic  studies 
have  revealed  significant  modifica- 


tions in  the  nitrogen  assimilatory  sys- 
tem of  the  Anabaena.  A  thorough  un- 
derstanding of  the  regulatory  system 
could  allow  genetic  manipulation  of 
Anabaena  in  the  free-living  state  for 
large-scale  ammonia  production. 

Frankia.  Among  the  least  studied  of 
the  symbiotic  nitrogen-fixing  bacteria 
are  Frankia.  Initially,  their  slow 
growth  rate  in  culture  made  molecu- 
lar genetic  studies  difficult.  However, 
culture  methods  have  been  improved, 
and  genetic  studies  are  now  possible. 
Work  is  actively  being  pursued  on  the 
molecular  biology  of  both  the  nitro- 
gen-fixation genes  and  the  interaction 
of  the  symbionts.  Frankia  are  unu- 
sual in  that  they  are  capable  of  infect- 
ing a  wider  range  of  host  plants  than 
other  known  nitrogen-fixing  bacteria. 
Biotechnology  may  be  able  to  further 
extend  that  range. 

Future  of  Transfer  of 
Nitrogen  Fixation  Genes 

It  has  been  suggested  that  nitrogen- 
fixation  genes  might  be  transferred  to 
plants  that  do  not  now  have  this  ni- 
trogen-fixation capacity.  These  genes 
would  have  to  be  in  a  form  that  could 
be  incorporated  into  the  plant  ge- 
nome, replicated,  and  expressed.  The 
genes  would  have  to  be  expressed  in 
an  environment  amenable  to  nitrogen 
fixation  where  the  enzyme,  nitrogen- 
ase, could  be  protected  from  oxygen 
and  where  the  enzyme  system  could 
tap  into  the  sources  of  reductant  and 
energy  from  the  plant. 

The  full  complement  of  nitrogen 
fixation  genes  has  been  cloned  from 
Klebsiella  pneumoniae  and  transferred 
to  and  expressed  in  another  bacter- 
ium, Escherichia  coli.  These  genes 
also  have  been  transferred  to  yeast, 
but  they  could  not  be  expressed. 
Transfer  to  a  plant  is  a  much  more 
complicated  process  involving  many 
more  genes  and  still  remains  highly 
speculative. 
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Plant  Growth 
Regulators 

Machi  F.  Dilworth,  associate 
program  manager,  Competitive 
Research  Grants  Office,  Office  of 
Grants  and  Program  Systems 

Plant  growth  regulators  are  hor- 
mone-like chemicals  that  occur 
naturally  in  plants,  and  play  a  central 
role  in  their  growth  and  development. 
Five  major  classes  of  plant  growth 
regulators  have  been  identified  as 
plant  hormones,  but  scientists  believe 
that  there  are  more  waiting  to  be 
discovered. 

The  five  growth  hormones  include 
auxins,  gibberellins,  cytokinins,  abs- 
cisic  acid,  and  ethylene.  Collectively, 
they  regulate  many  facets  of  plant 
growth  and  development  including 
seed  germination,  root  growth,  stem 
elongation,  leaf  expansion,  flowering, 
seed  development,  fruit  ripening,  and 
dropping  of  leaves  and  fruits. 

Each  of  these  processes  is  directly 
relevant  to  agriculture;  what  is  har- 
vested for  food,  feed,  or  fibers  is  the 
result  of  one  of  these  developmental 
events.  For  example,  cereal  grains  are 
the  seed,  potatoes  are  the  highly 
specialized  stem,  spinach  is  the  leaf, 
and  cotton  comes  from  the  highly  de- 
veloped cell  walls  of  the  ovule,  a  part 
of  the  maternal  reproductive  struc- 
ture. The  more  we  understand  these 
processes,  the  better  chance  we  will 
have  of  developing  a  strategy  for  crop 
improvement.  With  the  advent  of  bio- 
technological  techniques,  it  is  now 
distinctly  possible  to  manipulate  the 
natural  regulatory  mechanisms  to 
produce  improved  crop  varieties  with 
desirable  genetic  traits. 

Physiological  and 
Biochemical  Regulation 

Earlier  research  has  identified  a  gen- 
eral role  for  each  of  the  five  classes  of 


plant  hormones  as  follows;  auxin,  a 
cell  elongation  hormone;  gibberellin, 
a  regulator  of  tissue  and  plant  parts; 
cytokinin,  a  cell  differentiation  hor- 
mone; abscisic  acid,  a  senescence 
regulator;  and  ethylene,  a  fruit-ripen- 
ing hormone.  Further  research  has 
uncovered  more  detailed  information 
about  their  physiology  and  biochemis- 
try. How  these  hormones  regulate 
plant  growth  and  development  is  ex- 
tremely complex,  yet  the  genetic 
makeup  of  each  plant  determines  its 
precise  developmental  program. 
Moreover,  the  environmental  factors 
interact  with  plant  hormones  in  the 
regulatory  process. 

Interaction  of  Growth 
Hormones 

The  five  classes  of  growth  hormones 
can  act  independendy  in  regulating 
many  developmental  events,  but  evi- 
dence is  accumulating  that  they  in- 
teract with  each  other  as  well.  One  of 
the  clearest  examples  of  this  interac- 
tion is  the  auxin  control  of  the  bio- 
synthesis of  ethylene.  Indole  acetic 
acid,  an  auxin,  has  been  demon- 
strated to  stimulate  the  enzyme  that 
catalyzes  the  last  step  of  the  ethylene 
biosynthesis.  The  interaction  of  auxin 
and  cytokinin  in  determining  shoot 
and  root  formation  from  callus  tissue 
(a  mass  of  undifferentiated  plant 
cells)  has  been  a  well-known  phe- 
nomenon since  the  1960's.  Abscisic 
acid  has  inhibited  the  induction  of  a 
starch-hydrolizing  enzyme  by  gibber- 
ellin in  the  seed  of  barley.  The  gib- 
berellin-to-auxin  ratio  has  been 
shown  to  determine  the  number  and 
length  of  cotton  fibers. 

Interaction  Between 
Growth  Regulators  and 
Environmental  Factors 

Examples  of  the  interaction  between 
the  plant  growth  regulators  and  envi- 
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Seed  development  is  one  of  the  facets  of  plant  growth  affected  by  natural  plant 
hormones.  These  soybeans  are  ready  for  harvest. 
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ronmental  factors  are  equally  abun- 
dant, suggesting  even  more  compli- 
cated mechanisms  of  hormonal 
regulation.  Environmental  factors 
such  as  light,  moisture,  and  tempera- 
ture are  important  signals  to  which 
the  plants  react  in  executing  their  de- 
velopmental programs.  Light,  for  ex- 
ample, plays  a  crucial  role  in  plant 
morphogenesis  including  seed  germi- 
nation, shoot  growth,  and  flowering. 

Some  of  the  effects  of  environmen- 
tal signals  seem  to  work  through  the 
same  processes  as  do  plant  hormones 
while  others  do  not.  The  effect  of 
light  on  seed  germination  can  be  re- 
placed by  gibberellin,  for  example, 
but  the  effect  of  light  on  the  initiation 
of  flowering  cannot  be  replaced  by  a 
known  plant  growth  regulator. 

These  observations  are  based  on 
biochemical  and  physiological  studies 
that  have  been  carried  out  by  many 
investigators.  The  diversity  of  the 
phenomena  involving  plant  growth 
regulators  has  puzzled  many  re- 
searchers as  to  the  fundamental 
mechanism  of  hormone  action  in  reg- 
ulating plant  growth  and  develop- 
ment. It  has  led  to  a  hypothesis  that 
the  plant  hormones  do  not  act  directly 
in  the  cell,  but  through  some  second- 
ary messengers  such  as  a  calcium  ion 
or  a  small  carbohydrate  molecule.  So 
far,  the  hypothesis  has  not  been 
proved  or  disproved.  It  also  should  be 
recognized  that  not  all  plant  growth 
regulators  need  to  work  through  the 
same  mechanism. 

Plant  Growth  Regulators 
and  Gene  Expression 

Most  of  the  recent  advances  in  plant 
growth  hormone  research  are  being 
made  in  the  studies  on  the  effect  of 
plant  hormones  on  gene  expression. 
The  new  molecular  biology  and  var- 
ious immunological  techniques  have 
allowed  new  approaches  to  the  old 
problem  of  how  the  plant  growth  reg- 
ulators regulate  developmental 


processes. 

It  appears  that  all  five  plant  growth 
regulators  influence  the  expression  of 
genes  at  the  transcriptional  (DNA  to 
messenger  RNA)  level,  the  transla- 
tional  (messenger  RNA  to  protein) 
level,  and  the  posttranslational  modi-  = 
flcation  of  the  proteins. 

Auxin.  The  first  suggestion  was 
made  in  the  1950's  that  auxin-regu- 
lated cell  elongation  may  be  mediated 
by  auxin-controlled  gene  expression. 
It  is  only  in  the  past  few  years,  how- 
ever, that  conclusive  evidence  shows 
that  auxin  induces  specific  gene 
products,  both  messenger  RNA's  and 
proteins,  in  elongating  shoots.  The 
manner  by  which  an  auxin  interacts 
with  the  gene  and  the  nature  of  the 
gene  products  are  being  investigated 
by  several  laboratories. 

Gibberellin.  In  the  1960's,  it  was 
shown  that  gibberellin  induces  the 
synthesis  of  a  group  of  enzymes  in 
the  barley  seed.  These  enzymes  hy- 
drolyze  the  material  stored  in  the 
seed,  converting  them  to  usable  nu- 
trients for  growing  seedlings.  Twenty 
years  later,  evidence  is  available  to 
show  that  gibberellin  increases  the 
enzyme  synthesis  through  stimulat- 
ing the  production  of  messenger 
RNA's  specific  for  the  hydrolytic  en- 
zymes. One  of  the  best  studied  en- 
zymes is  alpha-amylase,  an  enzyme 
that  converts  starch  to  sugar  mole- 
cules. The  genes  for  alpha-amylase 
have  been  isolated  and  characterized 
by  several  groups  of  scientists.  How 
gibberellin  interacts  with  the  alpha- 
amylase  gene  in  increasing  its  mes- 
senger RNA's  is  under  intensive 
investigation. 

Cytokinin.  The  molecular  biology 
research  on  cytokinin  has  led  to  the 
identification  and  isolation  of  a  gene 
that  encodes  for  the  enzyme  for  the 
production  of  plant  growth  sub- 
stances in  bacteria.  With  a  variety  of 
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genetic  engineering  techniques,  the 
bacterial  gene  can  be  used  as  a  probe 
to  identify  cytokinin  biosynthesis 
(chemical  production)  genes  in 
higher  plants,  or  alternatively,  the 
bacterial  gene  can  be  inserted  into 
higher  plants  and  expressed. 

Both  approaches  would  not  have 
been  possible  a  few  years  ago,  but  are 
now  being  tried  by  several  laborato- 
ries. The  latter  approach  is  likely  to 
produce  valuable  information  about 
the  mechanisms  of  cytokinin  regula- 
tion of  cell  differentiation. 

Abscisic  Acid.  High  levels  of  abs- 
cisic  acid  are  found  in  the  developing 
seeds  of  many  plants.  It  is  thought 
that  the  function  of  abscisic  acid  in 
the  developing  seed  is  to  prevent  pre- 
mature germination  by  the  embryo 
before  the  seed  maturation  process  is 
completed.  Studies  being  carried  out 
on  the  developing  seeds  of  wheat, 
cotton,  and  other  plants  indicate  that 
abscisic  acid  exerts  its  regulatory  in- 
fluence by  increasing  the  level  of  spe- 
cific messenger  RNA's  and  possibly 
stabilizing  the  messenger  RNA's  that 
are  important  in  maintaining  the  em- 
bryonic state  of  the  seed.  Abscisic 
acid  also  induces  a  set  of  messenger 
RNA's  and  proteins  in  germinating 
cereal  seeds  where  abscisic  acid  has 
been  known  to  act  as  an  antagonist  to 
gibberellin.  This  observation  suggests 
that  abscisic  acid  does  not  simply  re- 
verse the  effect  of  gibberellin,  but 
rather  has  a  distinct  function,  possi- 
bly being  to  protect  young  seedlings 
from  unexpected  dehydration. 

Ethylene.  In  agreement  with  the 
general  notion  of  ethylene  as  a  ripen- 
ing hormone,  it  has  been  shown  that 
ethylene  induces  the  synthesis  of  a 
series  of  enzymes  that  contribute  to 
the  softening  of  plant  fruit  tissue.  The 
genes  that  are  activated  by  ethylene 
have  been  isolated  and  identified  as 
the  genes  encoding  for  cellulase  and 
galacturonase,  both  enzymes  involved 


in  cell  wall  degradation.  How  ethyl- 
ene regulates  the  expression  of  these 
genes  is  being  investigated. 

New  Technological 
Developments 

In  addition  to  the  molecular  biology 
studies,  new  developments  in  immu- 
nological techniques  such  as  mono- 
clonal antibodies  are  being  used  to 
identify  the  cellular  targets  of  the 
plant  growth  regulator,  and  to  isolate 
and  assay  the  quantity  of  plant  hor- 
mones from  plant  cells.  These  new 
biotechnology  techniques  are  proving 
useful  in  increasing  the  basic  under- 
standing of  the  processes  involving 
the  plant  growth  regulators. 

At  the  same  time,  genetic  engineer- 
ing technologies  have  opened  up  the 
possibilities  of  directly  manipulating 
plants  for  agronomic  traits  associated 
with  the  growth  and  development. 

It  should  be  emphasized  that  re- 
cent advances  in  the  plant  growth 
regulator  research  using  biotechnol- 
ogy are  made  possible  because  of  the 
enormous  amount  of  basic  back- 
ground information  accumulated  over 
the  years  about  the  physiology  and 
biochemistry  of  plant  growth  regula- 
tors. Much  is  still  to  be  learned  about 
the  plant  growth  hormones.  Contin- 
ued efforts  in  the  area  of  physiology 
and  biochemistry  will  be  needed  to 
take  full  advantage  of  the  emerging 
biotechnological  techniques  in  under- 
standing plant  growth  and  develop- 
ment and  in  applying  the  knowledge 
to  crop  improvement. 
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Producing 


Resistant 
Plants 

Roger  N.  Beachy,  professor  of 
biology,  Washington  University,  St. 
Louis,  MO 


Diseases  caused  by  a  variety  of 
pathogens  inflict  enormous 
losses  to  crops  each  year.  Control  of 
diseases  has  historically  relied  on  sev- 
eral approaches,  including  application 
of  chemicals  to  control  the  spread  of 
disease-inciting  agents  (bacteria  or 
fungi)  or  their  insect  vectors,  remov- 
ing diseased  material  from  the  field  to 
reduce  the  source  of  inoculum,  main- 
taining good  cultural  practices,  and 
incorporating  genes  for  disease  resist- 
ance. The  latter  is,  by  far,  the  most 
environmentally  and,  generally,  eco- 
nomically sound  way  to  control  the 
spread  of  disease.  It  is  also  the  most 
limiting  approach,  however,  since  dis- 
ease organisms  far  outnumber  the 
genes  for  resistance  so  far  identified. 
The  search  for  resistant  genes  in- 
volves screening  cultivars  or  species 
of  plants  to  identify  individuals  that 
exhibit  resistance  to  infection,  repli- 
cation, or  spread  of  a  pathogen.  If  the 
resistance  trait  is  the  result  of  expres- 
sion of  a  single  gene  or  genetic  locus, 
plant  breeders  begin  the  task  of  intro- 
ducing the  resistance  trait  into  a  cul- 
tivar  having  desirable  agronomic 
traits  that  will  ultimately  be  released 
to  the  farmer.  The  plant-breeding 
process  usually  requires  more  than  5 
years  and  considerable  evaluation  of 
progeny  to  eliminate  plants  that  con- 
tain undesirable  traits  in  addition  to 
the  disease  resistance  trait. 


Search  for  Disease 
Resistance  Genes 

Isolating  a  Gene  Based  on  Its 

Function.  With  the  advent  of  the 
techniques  of  recombinant  DNA  and 
the  transformation  of  plants,  research 
scientists  began  to  explore  alternate 
approaches  for  producing  disease-re- 
sistant plants.  In  the  first  and  most 
favored  approach,  fundamental  re- 
search is  carried  out  on  host  patho- 
gen interactions  to  determine  the  mo- 
lecular basis  that  enables  one  plant  to 
be  resistant  to  a  pathogen,  while  an- 
other is  susceptible.  In  this  approach, 
which  is  more  or  less  standard,  al- 
though difficult,  researchers  attempt 
to  identify  and  isolate  a  specific  gene 
or  genes  expressed  in  the  resistant 
plant  but  absent  or  not  expressed  in  a 
susceptible  plant. 

Scientists  in  a  number  of  laborato- 
ries, primarily  in  the  United  States 
and  in  Europe,  have  taken  this  ap- 
proach to  study  resistance  to  viral, 
bacterial,  and  fungal  diseases.  This 
work  has  led  to  the  identification  of 
genes  in  the  production  of  phytoalex- 
ins,  a  class  of  chemicals  that  can  act 
as  part  of  a  plant's  defense  reaction. 
It  remains  to  be  demonstrated  that 
phytoalexins  alone  are  capable  of 
stopping  pathogen  invasion.  More 
likely,  resistance  to  disease  is  the  re- 
sult of  a  number  of  different  proc- 
esses of  which  a  physical  barrier  or  a 
chemical  reaction  may  be  only  a  part. 

In  some  disease  interactions,  the 
resistant  but  not  the  susceptible  plant 
produces  one  or  more  gene  products 
of  unknown  function  that  may  play  a 
role  in  the  resistance  reaction.  In  one 
example,  that  of  resistance  of  a  single 
variety  of  cowpea  to  cowpea  mosaic 
virus,  resistant  cells  apparently  block 
a  specific  step  in  virus  replication  ac- 
cording to  G.  Bruening,  University  of 
California,  Davis.  Isolating  and  char- 
acterizing this  and  other  gene  prod- 
ucts that  block  steps  in  disease  devel- 
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opment  may  ultimately  lead  to  their 
isolation  and  transfer  to  a  susceptible 
plant,  in  this  way  conferring 
resistance. 

Isolating  a  Gene  of  Unknown 
Function.  The  second  method  to 
isolate  a  gene  for  disease  resistance  in 
the  absence  of  knowing  the  function 
of  the  gene  involves  an  approach 
known  as  gene  tagging.  Gene  tagging 
can  theoretically  be  carried  out  in  any 
plant  species  that  contains  a  well- 
characterized  system  of  transposable 
elements. 

Also  known  as  jumping  genes, 
transposable  elements  have  the  ca- 
pacity to  move  from  one  position  on  a 
chromosome  to  another.  Such  ele- 
ments have  been  isolated  and  charac- 
terized from  several  plant  species, 
including  maize.  A  scenario  for  tag- 
ging a  gene  for  resistance  to  stalk  rot 
disease  of  maize  is  to  start  with  a 
maize  line  resistant  to  the  disease  and 
to  sexually  cross  this  plant  with  a 
maize  line  containing  a  transposable 
element  such  as  AC  or  Mu. 

Seeds  are  collected  from  this  cross, 
planted,  and  taken  to  flowering.  After 
self-pollinating  these  plants,  progeny 
contain  both  the  gene  for  resistance 
and  the  transposable  element.  When 
each  seedling  is  inoculated  with  the 
pathogen,  all  will  be  resistant  unless 
the  transposable  element  has  inacti- 
vated the  resistance  gene,  in  which 
case  the  plant  will  be  susceptible. 
The  resistance  gene  can  then  be  iso- 
lated by  virtue  of  its  being  "tagged" 
with  the  well-characterized  transposa- 
ble element.  Transferring  the  resist- 
ance gene  to  a  susceptible  plant  may 
confer  disease  resistance  to  the 
recipient. 

Although  gene  tagging  has  been 
proposed,  it  has  not  yet  yielded  a  dis- 
ease resistance  gene.  A  primary  rea- 
son for  the  lack  of  success  to  date 
may  reflect  the  large  size  of  the 
maize  genome,  and  the  unlikelihood 
that  the  element  will  insert  into  a  re- 


sistance gene.  It  is  also  possible  that 
the  element  will  not  insert  into  the 
target  gene  because  it  lacks  the  DNA 
sequences  needed  for  such  insertion. 

Disease  Resistance  by 
Transferring  a  Specific 
Gene 

A  third  approach  to  produce  disease- 
resistant  plants  is  to  generate  plants 
that  are  cross-protected  against  virus 
infection.  In  the  classical  sense, 
cross-protection  refers  to  the  condi- 
tion in  which  a  plant  infected  by  a 
mild  strain  of  a  virus  is  somewhat  re- 
sistant to  infection  by  a  severe  strain 
of  the  virus.  The  result  of  cross-pro- 
tection is  that,  while  the  infection  by 
mild  strain  of  virus  may  depress  the 
yield  potential  of  the  crop,  it  is  sub- 
stantially better  than  if  a  severe  virus 
infection  had  spread  through  the 
crop. 

A  number  of  hypotheses  have  been 
proposed  to  explain  cross-protection, 
but  the  molecular  mechanism  re- 
mains unknown.  R.  I.  Hamilton  sug- 
gested, in  a  1980  article,  that  expres- 
sion of  viral  genes  in  transformed 
cells  might  induce  a  protective  re- 
sponse by  the  plants.  In  other  words, 
expression  of  a  single  virus  gene  in 
cells  might  trigger  the  cross-protec- 
tion mechanism,  engendering  disease 
resistance  to  transformed  cells  and 
plants. 

Recent  research  results  from  my 
laboratory  in  collaboration  with  scien- 
tists at  Monsanto  Company,  St.  Louis, 
MO  have  shown  this  to  be  correct. 
We  produced  transformed  tobacco 
and  tomato  plants  that  express  the 
coat  protein  gene  of  tobacco  mosaic 
virus  (TMV).  Transformed  plants  and 
their  progeny  are  resistant  to  infec- 
tion by  TMV. 

This  result,  reported  in  Science  , 
May  9,  1986,  is  the  first  example  of 
producing  plants  that  exhibit  resist- 
ance to  virus  infection  as  the  result  of 
a  transfer  of  a  single  gene.  It  can  be 
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Modem  approaches  to  producing  disease-resistant  plants  require  the  use  of  a  variety  of 
techniques.  At  Washington  University  in  St.  Louis,  Missouri,  a  visiting  scholar  carries  out  an 
antibody  reaction  to  determine  if  a  transformed  plant  is  expressing  a  "foreign  gene. " 


anticipated  that  this  approach  will  be 
applied  to  a  variety  of  plant  viruses 
that  invade  a  number  of  different 
types  of  plants. 

The  mechanisms  that  cause  the  to- 
bacco and  tomato  plants  to  be  resist- 
ant to  TMV  infection  have  not  been 
identified,  and  may  involve  the  direct 
interaction  of  the  product  of  the  intro- 
duced gene  with  the  infecting  virus, 
or  a  defense  response  of  the  host  trig- 
gered by  expressioin  of  the  intro- 
duced gene,  or  both.  Substantial  re- 
search effort  will  be  needed  to 
identify  the  mechanism  and  the  de- 
gree of  efficacy  of  this  resistance  in 
agriculture. 

The  success  of  these  gene  transfer 
experiments  in  producing  virus-resist- 
ant plants  lends  hope  that  a  similar 
approach  might  be  used  to  induce  re- 
sistance reactions  against  bacterial 
and  fungal  pathogens. 

For  many  years  plant  pathologists, 
such  as  Prof.  J.  Kuc,  University  of 
Kentucky,  have  shown  that  when  the 
lower  leaf  of  some  plants  is  treated 
with  an  extract  of  a  pathogen,  a  dis- 
ease resistance  reaction  is  induced  in 
upper  leaves  of  the  plant.  If  the  in- 


ducing molecule  is  identified,  it  may 
be  possible  to  genetically  engineer 
plants  to  be  permanently  induced  to 
resistance. 

Although  this  approach  currently  is 
only  an  hypothesis,  it  should  be 
tested.  But  a  great  deal  of  work  must 
precede  such  an  experiment,  since,  to 
date,  the  identity  of  the  inducing  mol- 
ecule remains  to  be  elucidated. 

Long-Term  Basic 
Research  Commitment 
Needed 

There  is  a  high  potential  payoff  for 
plant  agriculture  in  the  21st  century 
if  disease-resistant  plants  can  be  gen- 
erated either  by  classical  approaches 
or  by  the  new  gene  transfer  technolo- 
gies. Application  of  the  new  tech- 
niques to  plant  disease  resistance, 
however,  requires  indepth  under- 
standing of  how  and  why  plants  are 
susceptible  or  resistant.  This  can  only 
be  accomplished  by  a  strong,  broadly 
based  and  long-term  commitment  to  a 
program  of  basic  research  in  govern- 
ment, industry,  and  public  and  pri- 
vate university  research  laboratories. 
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Plant 
Microbes: 
Beneficial  and 
Detrimental 

William  E.  Fry,  professor  of  plant 
pathology,  Department  of  Plant 
Pathology,  Cornell  University, 
Ithaca,  NY 

Plant  microbes  affect  agriculture 
both  detrimentally  and  benefi- 
cially. Economic  losses  and  human 
suffering  result  from  plant  diseases 
caused  by  microbes,  so  much  ecologi- 
cal research  deals  with  plant  patho- 
gens (disease-producing  agents).  Un- 
fortunately, there  are  so  many 
important  crops,  diseases,  and  agro- 
ecosystems  that  only  a  small  propor- 
tion can  be  investigated  intensively. 
Recently,  however,  scientists  have 
begun  to  focus  on  microbial  influ- 
ences which  maintain  plant  health. 
(Beneficial  microbes  also  are  dis- 
cussed in  the  chapter  dealing  with 
biotechnology  and  soil  microbes.) 

Motivations  for 
Investigating  the 
Ecology  of  Microbes  in 
Agroecosystems 

Much  research  is  aimed  at  cutting 
economic  losses  and  human  suffer- 
ing. Recent  ecological  research  has 
supported  the  development  of  disease 
predictions  (specific  forecasts  and 
general  models  to  estimate  disease 
loss  probabilities)  and  is  providing  the 
knowledge  for  predicting  the  impacts 
of  altered  agricultural  practices  on 
microbes.  Biotechnology  and  geneti- 
cally engineered  microbes  are  likely 
to  contribute  significantly  to  biological 
control,  but  research  to  assess  the 
ecological  impact  of  engineered  orga- 
nisms is  needed. 


Some  Current  Emphases 

Disease  Predictions.  Accurate 

forecasting  techniques  will  result  in 
better  disease  control,  reduced  use  of 
pesticide  with  equivalent  control,  and 
avoidance  of  disease.  Forecasts  have 
been  developed  for  more  than  two 
dozen  major  diseases,  and  are  in  de- 
velopment for  another  two  dozen. 
Most  forecasts  depend  on  accurate 
knowledge  of  environmental  (espe- 
cially moisture  and  temperature)  im- 
pacts on  the  pathogen.  A  few  fore- 
casts include  impacts  of  host  plants, 
chemicals,  or  other  biotic  components 
of  the  ecosystem.  General  loss  esti- 
mates are  based  on  knowledge  of: 
a)  the  most  important  environmental 
effects  on  pathogen  and  disease  de- 
velopment; b)  pathogen  population 
size;  c)  probabilities  of  future 
weather;  and  d)  their  important  inter- 
actions. Although  application  of  com- 
puter simulation  models  is  still  in  its 
infancy,  these  models  have  an  in- 
creasingly important  role  in  loss  pre- 
dictions. Our  goal  is  to  create  esti- 
mates with  sufficient  lead  time  so  that 
growers  can  adjust  cropping  plans. 

Impacts  of  Altered  Agricul- 
tural Practices.  Changes  in  agri- 
cultural practice  can  lead  to  disas- 
trous losses,  such  as  the  devastation 
caused  by  a  leaf  blighting  fungus  on 
rubber  trees  when  rubber  was  shifted 
from  forest  to  plantation  agriculture. 
This  shift  to  monoculture  caused  a 
minor  problem  to  become  a  major 
one.  Knowledge  of  the  ecology  of  the 
microbe  causing  leaf  blight  of  rubber 
would  have  enabled  scientists  to  pre- 
dict the  problems  associated  with  the 
move  to  monoculture. 

In  the  United  States,  scientists 
knew  enough  about  the  ecology  of 
major  corn  pathogens  to  predict  that 
adoption  of  conservation  tillage  would 
not  create  an  overall  serious  increase 
in  disease.  That  prediction  appears 
accurate. 
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Properly  managed  conservation  tillage  cropping  systems  provide  many  benefits  and 
do  not  create  an  overall  serious  increase  in  disease. 


Impact  of  Biotechnology 

Benefits.  The  development  of  new 
diagnostic  techniques  via  biotechnol- 
ogy creates  new  possibilities  for  re- 
search, identification,  and  the  appli- 
cation of  disease  forecasts.  A  major 
limitation  to  ecological  research  in 
agroecosystems  is  that  microbes  are 
difficult  to  recover  and  identify.  Now 
genetic  engineering  is  making  it  eas- 
ier to  discover  and  monitor  microbial 
populations  through  the  use  of  tools 
with  such  sophisticated  names  as: 
cDNA  probes,  monoclonal  antibodies, 
and  restriction  fragment  length  poly- 
morphisms. Consequently,  the  influ- 
ence of  various  factors  on  such  popu- 
lations will  be  much  more  readily 
identified. 

The  new  diagnostic  technology 
should  enable  more  reliable  applica- 
tion of  disease  forecasts,  and  inte- 
grated pest  management  systems. 
Consequently,  pesticides  (fungicides, 
insecticides  and  nematicides)  are 
more  likely  to  be  used  only  when 
needed,  rather  than  in  unvarying 


schedules  regardless  of  need.  Disease 
diagnoses  will  also  become  more 
rapid  and  more  accurate. 

Biotechnology  will  enhance  our 
ability  to  develop  biological  controls  of 
diseases  and  of  weeds.  In  general, 
biocontrol  of  plant  diseases  has  been 
difficult. 

One  of  the  few  successful  applica- 
tions involves  cross  protection,  in 
which  the  infection  of  plant  tissues 
by  one  virus  suppresses  the  disease 
caused  by  another  closely  related 
strain  of  the  virus.  The  protecting 
strain  must  have  negligible  impact  on 
the  host.  Such  strains  have  been 
found  naturally,  but  also  can  be  cre- 
ated in  the  laboratory  via  biotechnol- 
ogy. Cross  protection  has  been  used 
successfully  in  protecting  citrus  trees 
from  severe  strains  of  Citrus  tristeza 
virus. 

Another  successful  example  in- 
volves the  bacterium  which  causes 
crown  gall  of  stone  fruits  and  other 
plants:  a  nonpathogenic  (or 
"friendly")  strain  produces  an  anti- 
biotic which  inhibits  the  pathogenic 
strain.  Because  the  two  strains  are 
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closely  related,  the  nonpathogen  sur- 
vives in  the  same  niches  as  the  path- 
ogen, and  responds  similarly  to  envi- 
ronmental fluctuations.  Consequently, 
upon  deliberate  release  of  the  biocon- 
trol  agent,  close  association  of  the  two 
bacteria  is  assured. 

For  crown  gall,  the  biocontrol  agent 
was  naturally  occurring,  but  with  bio- 
technology it  will  be  possible  to  engi- 
neer normal  resident  nonpathogenic 
microbes  into  biocontrol  agents. 

Some  microbes  can  be  used  as  bio- 
control agents  for  weeds.  For  exam- 
ple, a  fungus  is  used  to  control 
Northern  jointvetch  in  rice  and  soy- 
bean fields.  Knowledge  of  the  ecology 
and  epidemiology  of  this  fungus  con- 
tributed to  the  development  of  a  ra- 
tional, effective  biological  control  ap- 
proach. Even  though  the  genetic  and 
biochemical  bases  of  pathogenicity 
are  unknown  for  this  pathogen,  it  is 
so  specific  in  its  actions  and  is  rela- 
tively unable  to  be  dispersed  widely 
that  it  makes  a  desirable  biocontrol 
agent.  With  biotechnology,  other 
pathogens  of  weeds  can  be  altered  for 
use  in  biocontrol.  The  ecology  of  spe- 
cific candidates  will  have  to  be  well 
described  to  assure  selection  of  those 
with  the  greatest  potential  for  safe, 
effective  use. 

Risks.  Concern  is  widespread  about 
the  deliberate  release  of  genetically 
altered  organisms  into  the  environ- 
ment. This  concern  apparently  comes 
from  opinions  that  biotechnology 
speeds  the  natural  rate  of  genetic 
change,  and  that  genetically  engi- 
neered microbes  may  be  designed 
specifically  to  have  modified  ecologi- 
cal roles. 

The  first  of  the  proposed  releases  of 
an  engineered  microbe,  a  genetically 
altered  leaf-inhabiting  bacterium,  has 
generated  significant  publicity.  Con- 
cern about  the  potential  hazard  to  the 
environment  delayed  the  release  of 
that  bacterium  for  some  years.  The 
wild  form  causes  ice  nucleation  and 


hence  frost  damage  on  plants,  while 
the  altered  form  is  non-ice  nucleating 
and  suppresses  frost  injury.  Non-ice 
nucleating  forms  also  occur  naturally. 
Unfortunately,  inaccurate  analogies 
have  been  drawn  between  genetically 
engineered  microbes  proposed  for  re- 
lease and  exotic  microbes  known  to 
be  dangerous.  Certainly,  some  exotic 
microbes  pose  serious  threats.  Some 
of  these  have  been  accidentally  intro- 
duced into  the  United  States  in  spite 
of  quarantine  efforts  (i.e.  the  mi- 
crobes which  cause  Dutch  Elm  dis- 
ease and  Chestnut  blight).  The  mi- 
crobes proposed  for  release,  however, 
are  not  of  this  known  dangerous  type. 
Instead,  they  are  more  like  nitrogen- 
fixing  bacteria  introduced  routinely  to 
legume  crops. 

Assessment  of 
Biotechnology  Impact 

Clearly  the  environmental  impact  of 
genetically-engineered  organisms 
must  be  assessed  before  their  release. 
Suggestions  for  attendant  regulations 
include:  an  environmental  impact  as- 
sessment, subsequent  monitoring  of 
organism  and  system  effects,  identifi- 
cation of  containment  procedures, 
and  contingency  plans  for  mitigation. 
The  competitive  survival  abilities,  and 
relative  fitnesses  of  natural  and  engi- 
neered forms  and  their  effects  on  eco- 
system processes  need  to  be  assessed. 
Such  assessments  are  not  easy  be- 
cause relationships  among  organisms 
are  altered  in  complex  ways  by  differ- 
ent environments.  Experiments  must 
be  conducted  in  contained  facilities 
under  controlled  environmental  con- 
ditions. The  development  of  methods 
for  such  assessments  must  accom- 
pany biotechnological  advances  if  we 
are  to  reap  the  full  benefits  of  our 
technology.  At  present,  it  appears  un- 
likely that  specific  regulations  can  ap- 
ply to  all  releases.  Instead,  a  case-by- 
case  assessment  of  releases  is  likely 
to  occur. 
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Jumping 
Genes  That 
Control  Plant 
Traits 

Lila  O.  Vodkin,  research  geneticist, 
Plant  Molecular  Genetics 
Laboratory,  Beltsville  Agricultural 
Research  Center,  Agricultural 
Research  Service 


Recent  advances  in  molecular  ge- 
netics have  generated  excitement 
in  agriculture  and  the  plant  sciences. 
One  reason  for  this  is  the  potential  for 
commercial  application,  and  another 
is  the  expanded  opportunity  to  find 
out  at  the  molecular  level  how  genes 
function  to  control  plant  growth  and 
development.  These  aims  are  not  mu- 
tually exclusive  but  are  likely  to  be 
closely  interdependent.  Advances  in 
one  area  will  stimulate  progress  in 
the  other. 

Mobile  or  transposable  elements 
(sometimes  popularly  referred  to  as 
jumping  genes)  provide  an  opportu- 
nity to  isolate  and  identify  genes  that 
would  enhance  crop  quality  and  pro- 
ductivity. These  mobile  elements  pro- 
vide a  direct  link  between  plant  char- 
acteristics (for  example,  disease 
resistance,  plant  height,  organ 
shapes)  and  the  DNA  molecules  that 
control  the  particular  traits. 

Gene  Research 

For  thousands  of  years,  genes  have 
been  manipulated  empirically  by 
plant  and  animal  breeders  who  moni- 
tor their  effects  on  specific  character- 
istics or  traits  of  the  organism  to  im- 
prove productivity,  quality,  or 
performance.  A  basic  understanding 
of  how  traits  are  transmitted  from  one 
generation  to  the  next  was  formed  by 
Gregor  Mendel  in  the  19th  century. 


His  experiments  and  concepts 
showed  that  traits  were  controlled  by 
units  of  heredity  called  genes.  Exten- 
sions of  this  work  led  to  formation  of 
applied  genetics  and  breeding 
programs. 

The  physical  and  chemical  nature 
of  genes  remained  unknown  until  the 
1950's  when  James  Watson  and  Fran- 
cis Crick  discovered  that  genes  con- 
sist of  a  chemical  known  as  DNA  (de- 
oxyribonucleic acid).  DNA  contains 
the  information  to  control  the  synthe- 
sis of  enzymes  and  other  proteins  that 
perform  the  basic  metabolic  processes 
of  all  cells.  Each  gene  is  a  specific 
DNA  sequence,  and  more  than 
100,000  different  genes  are  found  in 
a  higher  plant  or  animal  species.  This 
total  set  of  genes  for  an  organism  (re- 
ferred to  as  the  nuclear  genome)  is 
organized  into  chromosomes  within 
the  cell  nucleus.  The  process  by 
which  a  multicellular  organism  devel- 
ops from  a  single  cell  through  an  em- 
bryo stage  and  into  an  adult  is  ulti- 
mately controlled  by  a  program 
contained  in  the  genetic  information 
of  the  cell  and  by  an  interaction  of 
genes  and  gene  products  with  envi- 
ronmental factors. 

Flow  of  Genetic 
Information 

DNA  produces  a  short-lived  molecule 
called  messenger  RNA  (mRNA)  that 
is  similar  in  structure  to  DNA.  It 
serves  as  a  temporary  message  carrier 
through  which  information  encoded 
in  the  DNA  is  transmitted.  Using 
complex  cell  machinery,  the  RNA 
messages  are  translated  into  specific 
sequences  of  amino  acids  that  pro- 
duce the  structure  of  enzymes  and 
other  proteins.  These  protein  mole- 
cules do  the  actual  work  in  forming 
cells  and  organs  and  in  carrying  out 
metabolic  processes  within  them. 
They  interact  in  complex  sets  of  path- 
ways to  produce  particular  character- 
istic features,  or  traits,  of  the  individ- 
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ual.  An  observable  or  measurable  trait 
of  an  organism  is  referred  to  as  its 
phenotype,  while  the  physical 
makeup  of  its  genetic  material  is 
known  as  its  genotype. 

To  physically  isolate  a  gene  that 
codes  for  a  particular  protein,  the  re- 
searcher generally  works  backward 
along  this  path  of  genetic  information 
from  proteins  to  DNA.  Knowledge  at 
the  protein  level  is  central  to  the 
process.  At  best,  enough  of  the  pro- 
tein of  interest  must  be  produced  to 
allow  its  isolation  and  characteriza- 
tion. Using  knowledge  of  the  proper- 
ties of  the  protein,  the  researcher  can 
identify  the  mRNA  and  eventually 
isolate  the  gene  that  encodes  the  pro- 
tein. Since  the  discovery  of  recombi- 
nant DNA  technology  in  1975,  isolat- 
ing and  identifying  genes  has  become 
technically  much  easier.  Because  few 
proteins  are  abundant  enough  for  this 
process  to  work  easily,  a  large  gap 


still  exists,  however,  in  our  ability  to 
identify  and  physically  isolate  genes 
that  control  most  plant  traits. 

Transposable  elements  provide  one 
way  of  physically  isolating  genes  that 
control  complex  plant  traits  because 
they  provide  a  direct  connection  be- 
tween the  observable  trait  and  the 
DNA  molecule  that  controls  it.  De- 
spite the  fact  that  all  the  intermediate 
steps  in  the  process  (the  messenger 
RNA,  the  proteins  produced  by  the 
genes,  and  the  pathways)  may  be  un- 
known, the  gene  responsible  for  the 
trait  can  be  identified  and  physically 
isolated  using  a  procedure  known  as 
transposon  tagging. 

Transposon  Tagging 

While  most  genes  occupy  a  fixed  po- 
sition in  the  chromosomes,  transposa- 
ble elements  can  change  their  loca- 
tions. When  an  element  moves,  it 


After  identifying  arid  isolating  useful  genes,  researcher  develops  cell  tissue  cultures 
to  modify  plant  germplasm  and,  ultimately,  help  plant  breeders  design  better  crops. 
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inserts  into  or  near  other  genes  and 
often  affects  how  the  invaded  gene 
expresses  itself,  leading  to  a  mutant 
trait. 

The  classic  work  of  Barbara 
McClintock  and  other  maize  geneti- 
cists during  the  1940's  documented 
the  existence  of  transposable  ele- 
ments in  corn.  In  recent  years,  sev- 
eral different  types  of  mobile  ele- 
ments in  corn  have  been  isolated  and 
cloned  by  recombinant  DNA  tech- 
niques. These  elements  can  now  be 
used  to  "tag"  other  genes.  For  exam- 
ple, assume  the  need  to  isolate  a  gene 
involved  in  controlling  plant  height. 
The  dominant  form  of  the  gene  is 
designated  D,  and  a  mutant  form  that 
produces  dwarf  plants  is  designated 
with  a  lower  case  d.  The  process  be- 
gins with  a  genetic  cross  between 
these  two  parental  lines,  one  of  which 
harbors  an  active  transposable  ele- 
ment (designated  TE)  somewhere  in 
its  chromosomes. 

Each  parent  carries  two  copies  of 
this  particular  plant  height  gene,  and 
each  offspring  will  inherit  one  copy 
from  each  parent.  So  all  the  progeny 
are  expected  to  produce  tall  plants 
because  they  inherited  one  copy  of 
the  dominant  gene  that  will  mask  or 
compensate  for  the  defective  mutant 
gene.  A  few  dwarf  progeny,  however, 
may  be  found  at  a  frequency  of  about 
1  per  1,000  to  1  per  10,000  plants. 
These  would  likely  result  from  move- 
ment of  the  transposable  element  into 
or  near  the  normal  gene  D,  leading  to 
its  inactivation,  in  effect  creating  a 
new  mutation,  designated  d"\ 

The  next  step  is  to  extract  DNA 
from  the  mutant  plant  (dm)  and  to 
use  standard  recombinant  DNA  tech- 
niques to  clone  the  plant's  DNA.  In 
this  process,  the  DNA  is  cut  into  ran- 
dom fragments  and  cloned  into  a  bac- 
teriophage (a  natural  bacterial  virus) 
vector.  Each  recombinant  phage  will 
contain  a  small  piece  of  DNA  about 
the  size  of  one  or  a  few  genes.  To 
have  every  gene  of  the  plant  repre- 
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(A)     Construct  genetic  crosses  between  a  line 

carrying  an  active  transposable  element  (TE)  in 
its  genome  and  a  tester  line  which  is  recessive 
for  the  trait  ot  interest,  for  example,  tall  versus 
dwarf  plants 

Dwarf  Plants 
Tall  Plants  Parents      (Recessive  Mutant) 
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sented  in  this  Library  of  genomic 
DNA,  about  500,000  recombinant 
phage  must  be  generated. 

The  third  step  is  to  identify  which 
one  of  the  half  million  phage  contains 
the  gene  that  controls  plant  height. 
The  transposable  element  in  the  dm 
gene  serves  as  a  molecular  tag  ena- 
bling this  identification.  Since  the 
transposable  element  has  previously 
been  identified  and  cloned  into  a 
plasmid  (a  piece  of  DNA  in  the  cell 
that  is  separate  from  the  chromo- 
some), it  can  be  radioactively  labeled 
and  used  to  probe  the  entire  genomic 
library  for  its  complementary  se- 
quence. This  process  is  known  as 
DNA  hybridization.  It  is  an  intrinsic 
property  of  all  double-stranded  DNA 
molecules.  The  radioactive  transposa- 
ble element  DNA  from  the  plasmid 
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will  attach  to  the  DNA  of  the  single 
phage  that  contains  a  copy  of  the  ele- 
ment, and  it  will  not  attach  to  the 
other  phage  DNA's.  In  this  manner, 
the  dm  gene  controlling  plant  height 
has  been  tagged  with  a  radioactive 
signal  and  can  be  separated  from  all 
the  other  plant  genes. 

Once  the  gene  that  controls  plant 
height  has  been  isolated,  it  can  be 
characterized  to  decipher  the  particu- 
lar protein  information  it  encodes  and 
how  this  protein  works  in  the  plant. 

Applications  of 
Transposon  Tagging 

The  basic  approach  of  transposon  tag- 
ging previously  described  is  highly 
simplified.  Although  it  has  been  used 
extensively  in  bacteria  and  in  Droso- 
phila  melanogaster  (fruit  fly),  the  only 
plant  in  which  the  method  has  been 
used  to  date  is  Zea  mays  (corn). 
Some  elements  that  inactivate  genes 
have  been  identified  by  variegation 
effects  or  DNA  sequence  features 
that  indicate  transposable  element  ac- 
tion in  several  higher  plant  species. 

In  contrast  to  the  wealth  of  knowl- 
edge about  transposable  elements  in 
corn,  genetic  and  molecular  descrip- 
tions of  mobile  elements  in  other 
plants  are  much  more  limited.  Future 
research  will  attempt  to  determine 
whether  transposable  elements  from 
corn  or  other  species  will  move  within 
the  chromosomes  of  new  host  plants 
into  which  they  are  transferred  by  ge- 
netic engineering  rather  than  sexual 
crossing. 

Plant  biotechnology  in  the  future 
will  benefit  by  modification  and  trans- 
fer of  genes  for  disease  resistance  and 
other  valuable  agronomic  traits  in 
higher  plants.  Mobile  elements  and 
other  recently  emerging  approaches, 
such  as  mapping  DNA  by  restriction 
fragment  length  polymorphisms 
(RFLPs)  provide  a  way  by  which  to 
identify  and  physically  isolate  these 
genes. 
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Pathogenicity 

George  H.  Lacy,  associate 
professor,  Department  of  Plant 
Pathology,  Physiology  and  Weed 
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Institute  and  State  University, 
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rolecular  techniques  for  studying 
genes  for  pathogenicity  have 
provided  powerful  insights  for  under- 
standing the  complex  interactions 
among  pathogens  and  their  plant 
hosts.  Further,  these  insights  have 
provided  ideas  that  may  be  exploited 
for  controlling  plant  disease. 

Pathogenicity  is  denned  here  as  the 
ability  of  a  disease-causing  organism 
to  establish  a  symbiotic  relationship 
with  a  host  plant  that  includes  infect- 
ing, colonizing,  and  damaging  the 
host  plant.  Genes  for  pathogenicity 
are  sequences  of  DNA-mediating 
rearrangement  of  pathogenic  ge- 
nomes and  regulation  or  synthesis  of 
proteins  or  other  compounds  involved 
in  the  phenotype  for  pathogenicity. 

Infection 

The  infection  process  consists  of  pen- 
etration of  the  host  by  the  pathogen 
and  establishment  of  a  nutritional  re- 
lationship with  the  host.  For  penetra- 
tion to  occur,  the  bacterium  must 
come  into  contact  with  and,  in  many 
cases,  attach  to  the  host.  For  exam- 
ple, agrobacteria  attach  to  plant  cell 
walls  through  interactions  of  bacterial 
lipopolysaccharides  with  plant  cell 
wall  carbohydrates.  More  secure  at- 
tachment is  provided  by  cellulose  fi- 
brils produced  by  the  bacterium 
which  lace  bacterial  cells  to  the  plant 
cell  surface.  Genetic  elements  related 
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to  processes  for  attachment  and  cellu- 
lose fibril  formation  have  not  been  lo- 
cated on  plasmids  and  will  probably 
be  found  on  the  bacterial  chromo- 
some. 

Penetration.  Penetration  of  bacte- 
ria into  their  hosts  occurs  by  several 
methods:  they  may  be  forced  into 
plant  tissue  by  water  congestion,  they 
may  be  introduced  into  wounds,  they 
may  penetrate  directly,  or  they  may 
be  injected  into  their  hosts  by  suck- 
ing insects.  Molecular  studies  of  the 
soil  bacterium  Streptomyces  scabies, 
causal  agent  of  potato  scab,  have  led 
to  the  cloning  and  characterization  of 
DNA  sequences  mediating  an  extra- 
cellular cutinase  that  may  be  involved 
in  direct  penetration  of  the  mycelium 
of  the  pathogen  through  the  cuticle 
into  its  host. 

Agrobacteria,  which  cause  crown 
gall  (Agrobacterium  tumefaciens)  and 
hairy  root  (A.  rhizogenes),  are  espe- 
cially interesting  since  the  oncogenic  - 
ity-inducing  plasmids,  pTi  from  A.  tu- 
mefaciens which  controls  tumor 
formation  and  pRi  from  A.  rhizogenes 
which  controls  root  formation,  contain 
within  their  genomes  portions  of 
DNA  that  are  inserted  directly  into 
the  host  plant's  genome.  The  major 
portion  of  the  pTi  or  pRi  plasmids 
does  not  become  incorporated  and  is 
probably  degraded  by  host  endo- 
nucleases. 

Since  only  these  oncogenicity- 
mediating  gene  sequences  (TDNA's) 
are  required  for  pathogenicity,  they 
are  pathogens  while  both  the  bacter- 
ium and  the  pTi  or  pRi  plasmids  are 
merely  biological  and  molecular  vec- 
tors, respectively.  The  processes  by 
which  the  plasmids  and  the  TDNA's 
penetrate  through  plant  cell  walls, 
cross  the  plasmalemma,  and  arrive  in 
the  nucleus  have  not  been  described; 
however,  proteins  produced  from 
genes  located  on  pTi  are  known  to  be 
involved  in  DNA  transfer  to  plant 
cells. 


Nutritional  Relationship.  For 

infection  to  succeed,  a  nutritional  re- 
lationship must  be  established  be- 
tween the  pathogen  and  its  host. 
Detecting  this  relationship  is  under- 
standably difficult;  however,  for  bac- 
teria a  nutritional  relationship  has  oc- 
curred and  infection  has  taken  place 
at  the  point  when  the  lag  phase  fol- 
lowing penetration  ends  and  the  ex- 
ponential growth  phase  begins. 

Pathogenic  TDNA's  pose  a  special 
problem.  Like  viruses,  they  do  not 
have  nutritional  processes  of  their 
own,  but  depend  instead  upon  the 
host's  synthetic  pathways  to  increase 
their  numbers.  In  this  case,  a  nutri- 
tional relationship  has  been  estab- 
lished at  the  point  following  its  re- 
combination into  the  host  genome 
and  at  the  initiation  of  host  directed- 
DNA  synthesis  of  the  TDNA.  For 
pathogenic  TDNA's,  establishment  of 
a  nutritional  relationship  depends 
upon  insertion  of  the  pathogenic 
TDNA  into  the  host  genome  by  an 
unknown  process.  DNA  border  se- 
quences, however,  have  been  identi- 
fied at  the  left  and  right  ends  of  the 
inserted  TDNA  that  are  involved  in 
successful  recombination.  Further, 
the  sequences  from  the  right  border 
are  absolutely  required  and  may  re- 
place entirely  the  sequences  for  the 
left  border  for  successful  insertion. 
These  border  sequences  fit  the  defini- 
tion for  genes  for  pathogenicity  al- 
though no  protein  products  have  been 
associated  with  them. 

Host  Range 

The  host  range  of  plant  pathogenicity 
usually  refers  to  the  range  of  different 
genera  and  species  on  which  a  partic- 
ular pathogen  may  cause  disease.  In 
this  usage,  host  range  represents  the 
basic  compatibility  between  a  patho- 
gen and  its  host  that  allows  disease 
development.  The  best  molecular 
studies  of  host  range  have  been  per- 
formed with  agrobacteria  and  have 
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revealed  that  the  plasmids  related  to 
oncogenicity-mediated  differences  in 
host  range. 

Molecular  studies  revealed  that  a 
portion  of  the  pTi  plasmid  outside  of 
the  TDNA  region  is  responsible  for 
the  differences  in  host  ranges.  This 
region  of  pTi  has  been  named  the  vir- 
ulence region,  and  several  vir  genes 
have  been  described  within  that  re- 
gion. It  is  unfortunate  that  the  term 
vir  was  used  to  indicate  genes  con- 
trolling host  range  since  it  com- 
pounds the  confusion  created  by  an 
alternate  use  of  the  term  virulence. 

It  has  been  learned,  however,  that 
exposure  to  plants  of  different  species 
induces  the  formation  of  different 
proteins.  This  suggests  strongly  that 
host  range  differences  require  pro- 
duction of  gene  products  by  the  path- 
ogen. In  the  future,  these  studies  will 
lead  to  a  molecular  knowledge  of 
basic  compatibility  between  patho- 
gens and  their  hosts. 


Ov&rcoming  Host 
Resistance 

The  term  virulence  also  is  used  to 
mean  the  ability  of  pathogens  to  over- 
come host  resistance.  This  usage  dif- 
fers from  the  usage  concerned  with 
host  range  since  it  refers  to  host- 
specificity  among  cultivars  of  plants 
within  a  species  rather  than  the  abil- 
ity to  cause  disease  among  a  group  of 
species  or  genera. 

It  follows  that  pathogens  are  orga- 
nisms capable  of  causing  disease  on 
some  host  plant.  Nonpathogens,  then, 
do  not  cause  disease  on  any  host 
plant.  Virulent  pathogens,  however, 
can  cause  disease  on  a  particular  cul- 
tivar  of  a  plant  species,  avirulent 
pathogens  do  not  cause  disease  on  a 
resistant  cultivar,  but  can  cause  dis- 
ease on  some  susceptible  cultivar  of 
the  same  species. 

A  virulent  pathogen  on  its  suscepti- 
ble host  cultivar  comprises  a  compati- 


ble interaction.  Conversely,  an  aviru- 
lent pathogen  on  a  resistant  host 
cultivar  yields  an  incompatible  inter- 
action. Virulence  is  superimposed 
over  basic  host  range  compatibility 
and  comprises  a  fertile  area  for  mo- 
lecular research  into  the  interactions 
of  pathogens  and  their  hosts. 

For  some  time  it  has  been  recog- 
nized that  specific  genes  in  the  host 
mediate  specific  resistance  to  specific 
races  of  pathogens.  Further,  it  has 
been  found  that  the  incompatible  or 
race-specific  resistance  is  mediated  by 
the  presence  of  a  specific  gene  in  the 
pathogen.  In  other  words,  specific  in- 
compatibility implies  that  a  gene-for- 
gene  relationship  exists  between  the 
pathogen  and  its  incompatible  host. 
Avirulence  genes,  then,  differ  from 
host  range  genes  in  that  they  block 
pathogenesis  rather  than  enable  path- 
ogenesis. It  is  possible,  therefore,  that 
virulence  genes  exist  as  separate 
entities  from  host  range  genes  and 
modify  the  expression  of  host  range 
genes  in  response  to  the  presence  of 
resistance  genes  in  the  host. 

Support  for  this  model  is  found  in 
the  discovery  that  avirulence  genes 
may  be  moved  from  an  avirulent 
strain  of  Xanthomonas  campestris  pv. 
vesicatoria,  causal  agent  of  bacteria 
spot  of  peppers  and  tomatoes,  to  a  vir- 
ulent strain  and  cause  an  incompati- 
ble interaction  in  the  presence,  but 
not  the  absence,  of  a  single  host  re- 
sistance gene. 

Other  studies  have  indicated  that 
transfer  of  an  avirulence  gene  from 
one  species  of  a  pathogen  to  a  second 
results  in  the  second  species  develop- 
ing incompatible  reactions  to  the  re- 
sistance gene  specific  for  the  first 
pathogen.  In  this  case,  an  avirulence 
gene  from  Pseudomonas  syringae  pv. 
glycinea  was  transferred  to  Xantho- 
monas campestris  pv.  glycines,  and 
both  soybean  pathogens  responded  in 
an  incompatible  manner  to  the  pseu- 
domonad  resistance  gene  in  soybean 
lines. 
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Host  Damage 

For  pathogens,  damage  caused  to  the 
host  is  related  to  the  production  of 
toxins,  enzymes,  or  plant  growth  reg- 
ulating compounds  that  result  in  cel- 
lular disruption  and  release  sub- 
stances useful  for  pathogen  nutrition. 
In  soft  rot  pathogenesis,  degradative 
enzymes  such  as  pectate  lyases,  poly- 
galacturonases, cellulases,  proteases, 
and  phosphokinases  or  phospholi- 
pases  destroy  elements  of  plant  cells 
and  release  cell  wall  sugars,  amino 
acids,  or  components  of  cell  mem- 
branes for  the  use  of  the  pathogen. 

Chief  among  the  aims  of  molecular 
studies  will  be  the  discovery  of  the 
coordination  of  the  various  enzymes 
required  to  cause  soft  rot  and  elucida- 
tion of  the  regulation  of  the  enzymes. 
These  studies  will  indicate  how  soft 
rot  pathogens  differ  from  several  non- 
pathogenic organisms  that  have  many 
if  not  all  of  the  enzymes  system  ap- 
parently required  for  pathogenesis, 
yet  remain  saprophytes  unable  to  col- 
onize living  plant  tissue. 

The  production  of  low  molecular 
weight  toxins  is  an  important  mecha- 
nism for  plant  damage  for  several 
plant  pathogens.  In  the  case  of  phas- 
eolotoxin  produced  by  Pseudomonas 
syringae  pv.  pkaseolicola,  causal  agent 
of  halo  blight  of  bean,  molecular 
studies  have  located  several  genes 
probably  in  the  biosynthetic  pathway 
for  toxin  production.  Further,  molecu- 
lar mechanisms  for  resistance  to  their 
own  toxins  have  been  discovered  in 
P.  syringae  pv.  phaseolicola  as  well  as 
in  Pseudomonas  syringae  pv.  tabaci 
which  produces  tabtoxinine  beta- 
lac  tarn. 

One  possible  outcome  of  this  re- 
search will  be  the  transfer  of  genes 
for  these  resistance  factors  from  the 
pathogen  for  orntihine  carbamoyl- 
transferase  (resistant  to  phaseolo- 
toxin)  or  glutamate  synthetase  (resist- 
ant to  tabtoxinin  beta-lactam)  into 
plant  genomes  to  create  crops  resist- 


ant to  toxin  damage. 

Tumor-causing  bacteria  such  as 
Agrobacterium  tumefaciens  and  Pseu- 
domonas syringae  pv.  savastanoi, 
cause  plant  damage  through  altera- 
tion in  levels  of  plant  growth  regulat- 
ing compounds  such  as  auxins  or  cy- 
tokfnins.  For  the  olive  knot  organism 
(P.  syringae  pv.  savastanoi),  two 
genes  for  auxin  production  are  lo- 
cated either  on  a  plasmid  or  in  the 
chromosome  of  the  pathogen.  This 
pathogen  modifies  its  host  by  secret- 
ing auxins  into  the  plant  tissue. 

For  the  pathogenic  TDNA  of  the 
crown  gall  organism,  the  picture  is 
different.  In  this  case,  genes  for  both 
cytokinin  and  auxin  production  are 
carried  on  the  TDNA,  inserted  into  : 
the  host  plant's  genome,  and  ex- 
pressed using  eukaryotic  rather  than 
prokaryotic  transcription  and  transla- 
tion machinery.  In  this  second  model, 
the  pathogen  has  changed  the  ge- 
netic machinery  of  the  host  to  pro- 
duce the  plant  growth  regulating 
compounds. 

Researchers  have  already  taken  ad- 
vantage of  the  ability  of  the  TDNA  to 
insert  into  host  DNA  to  engineer 
plants  for  resistance  to  antibiotics, 
herbicides,  and  disease  resistance  by 
deleting  the  information  for  the  genes 
mediating  plant  growth  regulating 
compounds  and  replacing  them  with 
the  desired  genes. 
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Plant  cell  and  tissue  culture  tech- 
niques hold  considerable  promise 
for  inducing  new  genetic  variability 
within  a  species,  and  at  least  a  por- 
tion of  the  variability  so  induced  may 
have  commercial  potential.  These 
techniques  are  a  valuable  addition  to 
the  battery  of  procedures  available  for 
crop  improvement  today. 

The  development  of  plants  with  im- 
proved vigor,  yield,  disease  resistance, 
and  other  desirable  traits  by  either 
conventional  or  nonconventional 
techniques  is  a  common  goal  of  re- 
searchers in  the  plant  sciences. 

To  improve  a  given  crop,  however, 
genetic  variability  for  a  desired  trait 
must  be  available.  When  a  desired 
trait  is  not  available  within  a  given 
crop  species,  the  appropriate  gene  or 
genes  may  sometimes  be  introduced 
from  a  related  wild  species.  But  in 
many  cases,  the  wild  species  and  do- 
mestic crop  cannot  be  intercrossed. 
So  techniques  for  creating  novel  vari- 
ability within  the  crop  species  are 
needed. 

One  approach  involves  the  use  of 
plant  cell  and  tissue  culture  tech- 
niques to  induce  new  variability. 

Novel  Variation 
Recognized 

The  phenomenon  of  novel  variation 
appearing  in  tissue  culture-derived 
plants  was  recognized  as  long  as  20 
years  ago  but  considered  to  be  unde- 
sirable by  scientists  who  were  trying 
to  obtain  identical  clones.  Such  var- 
iants "got  in  their  way."  Recently, 


however,  variability  from  culture  has 
been  recognized  as  having  potential 
value. 

The  general  term  somaclonal  varia- 
tion is  used  to  describe  new  geno- 
types, (genotypes  are  classes  of  orga- 
nisms sharing  a  specified  genetic 
makeup)  different  from  the  source 
genotype,  which  appear  in  plants  re- 
generated from  culture.  Technically, 
however,  the  term  should  be  reserved 
for  cultures  derived  from  somatic 
(body)  cells.  The  term  "gametoclone" 
has  been  suggested  for  plants  derived 
from  cultures  of  gametic  tissues. 

Somaclonal  variability  probably 
arises  from  two  sources,  the  somatic 
tissues  of  the  parent  plant  and  the 
tissue  culture  process  itself.  Some- 
how, genetic  changes  occur  with 
higher  frequency  in  somatic  tissues 
than  they  do  in  meristematic  tissues 
which  give  rise  to  the  germ  line  and 
which  are  capable  of  dividing  indefi- 
nitely. How  this  happens  is  not  well 
understood.  But  tissue  culture  tech- 
niques can  be  used  to  induce  plant 
formation  from  somatic  tissues,  and 
this  previously  untapped  source  of 
variability  is  available  to  the  breeder. 

It  may  be  that  mobilization  of 
transposable  genetic  elements  causes 
chromosome  breakage  and  mutations. 
This  could  explain,  at  least  in  part, 
the  appearance  of  chromosomal  aber- 
rations and  point  mutations  in  cul- 
tured cells.  McClintock  has  suggested 
that  transposable  elements  are  re- 
leased under  conditions  of  stress  and 
that  placing  tissues  in  culture  creates 
a  form  of  stress. 

A  second  possibility  is  that  the 
rapid  cell  division  which  occurs  in 
culture  systems  may  overwhelm  the 
cells'  normal  repair  mechanisms. 
Rapid  cell  divisions  also  may  lead  to 
instability  in  the  mitotic  (cell  division) 
apparatus  bringing  increases  in  a  set 
of  chromosomes  (polyploidy)  or  in- 
crease or  decrease  in  a  single  chro- 
mosome (aneuploidy). 

Many  studies  using  somaclonal  var- 
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Geneticist  emasculates  cuphea  flowers  before  crossing  with  other  cuphea  species  as 
part  of  a  hybridization  program. 


iation  to  produce  new  phenotypes  in- 
volve simply  growing  plants  obtained 
from  tissue  culture  and  examining 
them  for  potentially  useful  changes. 
In  some  cases,  however,  it  may  be  de- 
sirable to  eliminate  the  majority  of 
random  changes  occurring  in  culture 
by  incorporating  a  selective  agent  in 
the  culture  medium,  thus  leaving 
only  the  desired  mutant  for  further 
study. 

Examples  include  selection  for  her- 
bicide resistance,  salt  tolerance,  toxin 
resistance,  and  biochemical  pathway 
mutants. 

If  the  frequency  of  a  desired  muta- 
tion arising  through  somaclonal  varia- 
tion is  not  high  enough,  the  natural 
variability  induced  by  the  culture  sys- 
tem can  be  supplemented  with  a  mu- 
tagen, a  substance  that  increases  the 
frequency  or  extent  of  mutations.  So- 
maclonal variation  includes  single 
gene  mutations,  chromosomal  aberra- 
tions, and  variation  in  multigene 
quantitative  traits. 


Chromosomal 
Aberrations 

Chromosome  aberrations  occur  in 
culture  systems  and  in  plants  regen- 
erated from  culture.  The  extent  of 
chromosomal  instability  ranges  from 
slight  to  substantial.  Numerous  fac- 
tors contribute  to  chromosome  insta- 
bility. Yet  no  characteristic  instability 
for  a  particular  species  can  be  cited. 

In  some  studies,  the  proportion  of 
chromosomal  aberrations  is  low,  in 
other  studies  quite  high.  For  exam- 
ple, between  55  and  70  percent  of 
plants  regenerated  from  alfalfa  proto- 
clones  showed  some  type  of  chromo- 
somal aberration,  but  in  other  studies 
few  or  no  chromosomal  changes  were 
observed. 

Changes  in  chromosome  number 
observed  in  culture  systems  include 
increases  in  a  set  of  chromosomes 
and  increases  or  decreases  in  a  single 
chromosome.  Intrachromosomal 
changes  such  as  duplications,  dele- 
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tions,  and  translocations  also  have 
occurred. 

Expfanf  Process.  One  source  of 
chromosomal  aberrations  observed  in 
culture  is  the  explant  source  itself — 
removing  living  tissue  and  placing  it 
in  a  medium  for  tissue  culture.  Chro- 
mosome numbers  in  species  are  gen- 
erally constant  in  tissues  such  as  root 
tips  and  reproductive  cells.  However, 
differentiated  somatic  tissues  of  a 
plant  may  have  cells  that  vary  in 
chromosome  number.  Processes  lead- 
ing to  chromosomal  duplication  in- 
clude endoreduplication  (chromo- 
somes duplicate  several  times  before 
mitosis)  and  failure  of  cytokinesis  and 
endomitosis  (repeated  nuclear  divi- 
sions without  cytoplasmic  division). 
When  these  tissues  are  placed  in  cul- 
ture, the  various  levels  of  repetition  of 
the  basic  number  of  chromosomes 
become  represented  in  the  culture 


system;  however,  as  the  culture  ages, 
this  distribution  can  change 
significantly. 

Media  Factors.  Media  compo- 
nents also  can  affect  the  frequency  of 
chromosomal  aberrations  in  a  culture 
system.  Media  factors  such  as  the 
plant  hormone  (auxin)  2,4-D  have 
been  implicated  in  the  induction  of 
chromosome  aberrations  including 
polyploidy  and  aneuploidy  in  some 
species;  however,  in  studies  with  al- 
falfa, there  was  no  correlation  be- 
tween levels  of  2,4-D  in  the  culture 
medium  and  the  frequency  of  aberra- 
tions. Auxin  and  cytokinin  (another 
growth  substance)  ratios  can  affect 
the  proportion  of  cells  with  polyploidy 
but  again,  different  species  tend  to 
respond  differently.  Species  and  hor- 
mone interactions  apparently  play  a 
role.  Coconut  milk  and  yeast  extract 
when  added  to  the  medium  may  in- 


Tiny  wild  potatoes  from  the  same  introduction  variety  demonstrate  the  genetic 
diversity  that  provides  potato  breeders  with  large  gene  pools.  Somaclonal  variation 
provides  another  source  of  exposing  genetic  diversity. 
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crease  the  frequency  of  polyploidy. 
Relatively  simple  factors  such  as  fre- 
quency of  subculture,  light  duration 
and  intensity,  and  cell  density  could 
affect  the  frequency  of  chromosomal 
aberrations,  but  there  is  little  data  in 
this  area. 

Age  of  Culture.  Several  studies 
have  indicated  that  the  proportion  of 
cells  with  chromosome  aberrations  in- 
creases with  the  increasing  age  of  the 
culture.  Often  changes  accumulate  to 
a  level  which  inhibits  regeneration  of 
plants  from  the  culture.  Where  re- 
generation does  occur,  cells  with 
gross  chromosomal  aberrations  are 
apparently  selected  against  in  the  dif- 
ferentiating tissues. 

There  are  exceptions.  Extended 
time  in  culture  (up  to  9  months)  did 
not  significantly  increase  the  propor- 
tion of  chromosomal  aberrations  in  a 
study  with  alfalfa.  So  there  are  spe- 
cies differences  in  response  to  culture 
factors.  The  induction  of  chromo- 
somal aberrations  depends  on  a  num- 
ber of  different  and  poorly  defined 
factors  and  may  vary  from  species  to 
species. 

Tissue  culture  systems  offer  a 
mechanism  for  altering  the  chromo- 
somal makeup  of  a  species.  Much  of 
the  somaclonal  variation  appearing 
from  culture  is  because  of  changes  in 
the  number  or  organization  of  the 
chromosomes.  In  rice  somaclones,  po- 
tentially useful  traits  such  as  thicker 
stems,  larger  leaves,  and  increased 
grain  size  were  associated  with  a 
spontaneous  doubling  of  the  chromo- 
somes in  culture. 

Point  Mutations 

Point  mutations  are  changes  in  a  spe- 
cific gene  or  segment  of  DNA  as  op- 
posed to  the  larger  chromosomal 
changes  mentioned.  There  is  good 
evidence  that  point  mutations  do  oc- 
cur in  culture  systems.  One  hundred 
forty-two  plants  were  regenerated 


from  tissue  cultures  of  the  wheat  va- 
riety Yaqui  50E.  Extensive  biochemi- 
cal and  morphological  variation  was 
observed  in  the  regenerated  plants 
and  their  progeny.  Four  hundred 
plants  from  seeds  did  not  exhibit  the 
variability  seen  in  tissue  culture- 
derived  plants,  indicating  the  poten- 
tial of  tissue  culture  for  novel 
variation. 

Mutants  included  dominant  muta- 
tions, recessive  mutations  and  muta- 
tions that  were  apparently  polygenic, 
that  is,  involving  more  than  one  al- 
lele. Surprisingly,  in  some  cases,  the 
regenerated  plants  were  homozygous. 
Homozygosity  could  occur  by  gene 
conversion  or  by  chromosome  substi- 
tution through  aneuploidy  followed  by 
a  return  to  the  diploid  state,  where 
the  basic  chromosome  number  dou- 
bled. Plants  regenerated  from  culture 
can  exhibit  variability  for  more  than 
one  trait,  and  the  traits  segregate  in- 
dependently and  are  found  on  all 
seven  of  the  wheat  chromosomes. 

The  detailed  genetic  analysis 
needed  to  confirm  single  gene  muta- 
tions also  has  been  completed  for  to- 
mato by  researchers  at  DNA  Plant 
Technologies  including  a  color  mu- 
tant (tangerine-virescent),  and  joint- 
less  pedicel.  Some  of  the  tissue  cul- 
ture-derived mutants  segregated 
independently  of  previously  known 
mutants  with  similar  phenotypes  so 
the  mutations  are  indeed  new  to  the 
breeding  population.  Single  gene  mu- 
tants also  have  been  reported  in  tis- 
sue culture-derived  plants  of  corn  and 
rice. 

Other  Mutations 

Mutations  in  culture  also  occur  in  the 
genes  which  control  the  plant's  photo- 
synthetic  and  energy-production  proc- 
esses. Sexually  propagated  plants  of 
Corn  with  T  (Texas)  cytoplasm  are 
male  sterile  (in  the  absence  of  fertil- 
ity-restoring genes)  and  are  suscepti- 
ble to  toxins  produced  by  Helmintho- 
sporium  maydis  Race  T.  Yet  some 
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Somaclonal  Variation  From  Culture 
Species 


Types  of  Variability 


Tomato 

Wheat 

Lettuce 

Celery 

Rice 

Triticale 


Increased  solids,  jointless  pedicel,  fruit  color 

Height,  awn  size,  spike  fertility,  tiller  number,  awnless 

Increased  seedling  vigor 

Pathogen  resistance 

Dwarf,  panicle  shape,  heading  date,  fertility 

Spike  length,  fertility,  height,  kernel  protein 


plants  regenerated  from  Corn  with  T 
cytoplasm  were  shown  to  be  resistant 
to  the  toxin  produced  by  helmintho- 
sporium  maydis.  In  some  of  the  ex- 
periments, no  selection  pressure  was 
applied  during  the  culture  period.  In 
other  experiments  selective  pressures 
were  applied,  that  is,  corn  cultures 
were  grown  in  the  presence  of  the 
toxin  to  select  for  the  mutation.  Aga- 
rose gel  electrophoresis  of  the  mito- 
chondrial DNA  indicated  changes  as- 
sociated with  the  change  to  resistance 
and  inheritance  of  the  trait  was 
shown  to  be  extranuclear. 

Commercial 
Applications 

Variation  from  tissue  culture  is  being 
tested  in  a  number  of  species  for  po- 
tential value.  While  the  majority  of 
observed  variability  is  not  useful  and 
actually  decreases  the  viability  of  re- 
generated plants,  some  potentially 
valuable  variants  have  been  obtained. 

Protoclones  (plants  derived  from 
protoplasts)  of  the  Russet  Burbank 
potato  exhibited  a  surprisingly  high 
frequency  of  variation.  The  range  of 
variation  included  resistance  to  Alter- 
naria  solani  and  Phytophthora  infes- 
tans.  The  latter  is  a  late  blight  patho- 
gen and  Russet  Burbank  is  very 
susceptible  to  the  disease.  Approxi- 
mately 2  percent  of  the  protoclones 
exhibited  significant  resistance  to  the 
disease.  Other  traits  such  as  white 
tubers  and  altered  growth  habit  also 
were  observed. 

The  majority  of  the  traits  were  pre- 


served through  four  cycles  of  vegeta- 
tive propagation  and  field  testing. 
However,  sexual  propagation  is  not 
possible  in  this  variety,  and  the  ge- 
netic basis  for  many  of  the  changes 
could  not  be  established. 

Pathogen  resistance  also  was  ob- 
served in  plants  regenerated  from  cel- 
ery cultivars.  The  plants  were  exam- 
ined for  resistance  to  the  pathogenic 
organisms  Cercospora  apii  and  Septo- 
ria  appicola,  Pseudomonas  cichorii 
and  Fusarium  oxysporum.  Variable 
disease  resistance  was  observed  in 
the  regenerated  plants,  ranging  from 
highly  susceptible  to  highly  resistant. 

A  number  of  agronomic  characters 
of  potential  value  to  agriculture  were 
observed  in  plants  regenerated  from 
wheat  tissue  culture  including  height 
and  tiller  number  which  can  affect 
yield,  awnless  cultivars  which  may  be 
valuable  during  drought,  and  muta- 
tions of  the  seed  gliadin  proteins 
which  can  affect  flour  quality.  In 
"Carmen"  triticale,  two  second  gener- 
ation plants  were  found  to  have  a  sig- 
nificant increase  in  percent  kernel 
protein  relative  to  the  controls.  This 
type  of  variant  should  have  immediate 
use  in  breeding  programs  for  yield 
improvement. 

Grasses,  including  tall  fescue  and 
turf  grasses,  are  potential  candidates 
for  improvement  through  somaclonal 
variation.  Researchers  at  O.M.  Scott 
and  Sons  have  regenerated  turf 
grasses  and  tall  fescue  from  tissue 
culture  and  are  presently  testing  the 
regenerated  progeny  for  potentially 
useful  new  variants. 
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Plants  Defend 

Themselves 

Chemically 

Udo  Blum,  professor  of  botany, 
Department  of  Botany,  North 
Carolina  State  University,  Raleigh 

Plants  contain  and  may  subse- 
quently release  into  the  environ- 
ment molecules  that  provide  them 
with  defenses  against  disease,  nema- 
todes, herbivores,  and  other  plants. 
Because  of  genetic  differences  and 
continuous  selection  pressures  from 
the  natural  environment,  the  distribu- 
tion of  such  molecules  is  irregular.  In 
addition,  the  concentrations  of  such 
plant  molecules  are  determined  by 
the  environment  in  which  they  grow. 
Thus  potential  levels  of  chemical  de- 
fenses are  determined  by  the  genetic 
makeup  as  well  as  the  growth  envi- 
ronment of  the  plant.  In  cases  where 
molecules  must  first  enter  the  soil  be- 
fore acting  on  an  associated  species, 
the  role  of  soil  factors  such  as  micro- 
organisms, amount  of  organic  matter, 
and  soil  pH  also  are  important  in  de- 
termining the  active  concentrations. 

Little  information  is  available  on 
the  mode  of  action  of  most  of  these 
molecules.  Such  information  can  be 
useful  in  manipulating  interactions  to 
the  benefit  of  agriculture.  For  exam- 
ple, toxicity  of  simple  phenolic  acids 
in  soil  solutions  can  be  minimized  or 
enhanced  by  manipulating  soil  pH 
and  soil  nutrition. 

The  plant  kingdom  is  a  vast  store- 
house of  chemical  molecules  waiting 
to  be  identified,  isolated,  manipulated, 
and  used.  With  the  advent  of  molecu- 
lar biology  and  biotechnology,  new 
opportunities  for  effectively  using 
such  molecules  in  agriculture  are 
now  at  hand. 

Before  discussing  specific  plant 
chemical  defenses,  let  us  look  at  the 
kinds  of  molecules  found  in  plants. 


Plant  Molecules 

Apart  from  the  short  period  during 
seed  germination  when  plants  are 
heterotrophic  (dependent  on  then- 
seed  stores  for  energy),  all  higher 
green  plants  are  autotrophic  (capable 
of  obtaining  energy  from  the  sun). 
This  fact  provides  a  clue  to  the  enor- 
mous biosynthetic  abilities  of  plants. 
Plants  can  make  universally  required 
molecules  such  as  DNA,  RNA,  carbo- 
hydrates, lipids,  and  proteins  from  in- 
organic materials  that  include  C02, 
H20  and  mineral  nutrients  (N,  P,  K, 
etc.).  They  also  can  synthesize  all  the 
complex  molecules  which  contribute 
to  the  makeup  of  their  tissues.  Carbo- 
hydrates, lipids,  proteins,  and  nucleic 
acids  are  important  for  growth  and 
development  in  both  plants  and 
animals. 

However,  among  the  compounds 
synthesized  by  plants  are  a  series  of 
complex  materials  that  appear  to  have 
no  immediately  obvious  metabolic 
function  in  plants  (called  secondary 
metabolites).  These  include  alkaloids 
(complex  and  bitter-tasting  sub- 
stances such  as  quinine,  morphine, 
and  nicotine),  phenolics  (such  as  tan- 
nins), and  terpenes  (compounds 
found  in  odor-giving  oils  such  as 
peppermint). 

Over  the  last  100  years  5  percent:  of 
the  world's  plant  species  have  been 
examined  for  alkaloids  resulting  in 
the  isolation  and  identification  of 
5,600  alkaloids.  All  alkaloids  contain 
nitrogen,  frequently  as  part  of  a  het- 
erocyclic carbon  ring  system.  They 
are  classified  either  according  to  their 
ring  system  or  according  to  the  amino 
acid  from  which  they  are  derived. 

Plants  also  produce  thousands  of 
compounds  that  contain  one  or  more 
phenolic  residues.  These  compounds 
can  be  divided  into  major  groups  ac- 
cording to  the  number  of  carbon  at- 
oms in  their  skeleton.  Most  phenolics 
arise  from  a  common  biosynthetic  in- 
termediate, phenylalanine  or  its  close 
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Plants  provide  substances  found  in  about  a  fourth  of  all  prescription  drugs. 


precursor,  shikimic  acid. 

Finally,  there  are  probably  more 
terpenes  than  any  other  group  of 
plant  products.  The  term  "terpene"  is 
used  to  denote  branching  compounds 
containing  five  carbon  units.  Ter- 
penes are  essential  to  plant  growth 
since  chlorophyll  and  carotenoids, 
which  are  essential  for  photosyn- 
thesis, also  are  derivatives  of  ter- 
penes. The  roles  of  alkaloids  and  phe- 
nolics  in  plant  metabolism  have  not 
been  clearly  identified.  (For  more  in- 
formation, you  may  wish  to  read  J.  B. 
Harborne's  book,  Introduction  to  Eco- 
logical Biochemistry,  Academic  Press, 
1983.) 

Plant  Chemical 
Defenses 

Have  you  ever  wondered  why  some 
plants  are  resistant  to  fungi,  bacteria, 
nematodes,  or  herbivores  while  others 
are  clearly  susceptible  to  such  orga- 
nisms? Or  wondered  why  some  plants 
are  more  effective  in  reducing  the 
growth  of  associated  plants  than  oth- 
ers? There  is  ample  evidence  to  show 
that  at  least  some  of  these  differences 
in  behavior  are  associated  with  the 


presence  and  absence  of  chemical  de- 
fenses produced  by  plants. 

Defense  Against  Disease. 

Plants  are  resistant  to  the  majority  of 
micro-organisms,  including  patho- 
gens, that  come  in  contact  with  them. 
Much  of  this  resistance  is  associated 
with  plant-produced  molecules.  Each 
plant  species  or  even  variety  has  its 
own  unique  set  of  molecules.  Toma- 
toes make  a  number  of  cyclic  and 
acyclic  mono-  and  sesquiterpenes, 
for  example,  a-pinene  and  a-humu- 
lene  respectively,  which  fight  fungi. 
This  was  discovered  when  it  was  ob- 
served that  plants  with  many  glandu- 
lar hairs,  sources  of  these  com- 
pounds, were  infected  less  by  fungi 
than  were  plants  with  fewer  glandu- 
lar hairs. 

Plants  also  produce  a  variety  of 
substances  called  phytoalexins.  These 
substances  are  produced  by  a  plant 
only  after  it  comes  in  contact  with  the 
pathogen.  Each  species  produces  only 
one  or  a  few  phytoalexins  that  usually 
are  unique  to  closely  related  species. 
Most  phytoalexins  within  a  plant  tribe 
or  family  are  similar  in  structure.  For 
example,  cotton  sesquiterpenes  iso- 


140 


BIOTECHNOLOGY:  ITS  APPLICATION  TO  PLANTS 


Research  for  Tomorrow 


lated  from  Xantfeorrcoreas-inoculated 
leaves  (bacterial  pathogen)  have  been 
shown  to  exhibit  antibacterial  activity. 
Much  smaller  amounts  of  these  com- 
pounds were  isolated  from  both  inoc- 
ulated susceptible  as  well  as  uninocu- 
lated  resistant  leaves.  Chemically 
characterized  phytoalexins  have  been 
isolated  from  at  least  15  plant 
families. 

(For  the  source  of  the  examples 
cited  here  and  additional  information, 
you  may  wish  to  read  A.  Stoessl's 
"Secondary  plant  metabolites  in 
preinfectional  and  postinfectional  re- 
sistance," The  Dynamics  of  Host  De- 
fence. J.  A.  Baily  and  B.  J.  Deverall 
(eds.),  Academic  Press,  1983.) 

Defenses  Against  Nema- 
todes. In  a  number  of  instances 
plant  root  exudates  and  decomposing 
plant  debris  have  been  observed  to  be 
antagonistic  toward  nematodes.  For 
example,  the  presence  of  asparagus 
roots  in  soil  leads  to  a  decline  in  the 
number  of  stubby-root  nematodes.  In 
addition,  the  number  of  nematodes  do 
not  increase  even  in  the  presence  of  a 
suitable  host  if  its  roots  are  intermin- 
gled with  those  of  asparagus. 

(For  additional  information  you 
may  wish  to  read  N.  A.  Minton's 
"Plant-nematode  relationships  of  an 
allelopathic  nature,"  Report  of  the  Re- 
search Planning  Conference  on  the 
Role  of  Secondary  Compounds  in 
Plant  Interactions.  USDA,  1977.) 

Defenses  Against  Herbi- 
vores. Many  bitter  or  astringent 
substances  such  as  certain  lactones, 
alkaloids,  cyanogenic  glucosides,  and 
tannins  are  important  in  deterring 
mammalian  herbivores  from  consum- 
ing plants.  Plants  also  contain  a  vari- 
ety of  molecules  that  a)  prevent  in- 
sects from  feeding,  b)  disrupt  normal 
growth  and  development,  and  c)  kill 
insects  outright.  (The  chapter,  Natu- 
ral pesticides,  deals  with  this  subject.) 
The  presence  of  such  substances  in 


ARS  chemist  conducts  basic  and  applied 
research  on  fruits  and  vegetables  and 
their  products,  including  investigations  of 
the  properties  of  plant  enzymes. 


plants  can  be  beneficial  to  agriculture 
(e.g.,  crop  production),  but  they  can 
also  be  detrimental  (e.g.,  livestock 
poisoning).  The  economic  impact  of 
livestock  poisoning  by  plants  in  the 
United  States  is  enormous.  According 
to  USDAs  Agricultural  Research 
Service,  3  to  5  percent  of  catde, 
sheep,  and  horses  on  western  ranges 
are  lost  because  of  poisonous  plants. 
For  example,  Johnson  grass,  a  species 
of  wide  distribution,  furnishes  good 
forage  under  normal  conditions,  but 
can  become  toxic  to  livestock  during 
dry  weather  or  after  frost,  drought,  or 
high  temperatures.  Johnson  grass 
contains  dhurrin,  a  cyanogenic  gluco- 
side.  When  plants  are  under  stress, 
plant  enzymes  release  hydrocyanic 
acid  or  prussic  acid  from  dhurrin. 
(For  additional  information  you 
may  wish  to  read  R.  F.  Keeler,  K.  R. 
Van  Kampen,  L.  F  James,  Effects  of 
Poisonous  Plants  on  Livestock,  Aca- 
demic Press,  1978.) 


Plants  Defend  Themselves  Chemically 
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Primary  Plant  Products 
Name 


Major  elements 


Polymers 


Proteins 


Nucleic  acids 


Carbohydrates 


Lipids 
(neutral  fat, 
phospholipids,  etc.) 


Amino  acids  (C,  H,  0,  N,      Enzymes,  etc. 
several  contain  S) 

Nucleotides 
(C,  H,  0,  N,  P) 


Monosaccharides,  e.g. 
glucose,  fructose,  etc. 
(C,  H,  0) 

Fatty  acids,  glycerol 
(C,  H,  0,  P) 


Deoxyribonucleic  acid 
(DNA),  Ribonucleic  acid 
(RNA) 

Polysaccharides,  Starch, 
Cellulose,  etc. 


Polymers  are  large  macromolecules  composed  of  repeating  units  of  smaller  molecules. 


Secondary  Plant  Products 


Name 


Example 


Alkaloids 

Phenolics 

Terpenes 

Cyanogenic 
glucoside 


Quinine 

p-coumaric  acid 
a-pinene 
dhurrin 


Plant-Plant  Interaction.  Not 

only  do  plants  have  chemical  defen- 
ses against  micro-organisms,  nema- 
todes and  herbivores,  but  they  also 
have  chemical  defenses  against 
crowding  by  other  plants.  A  large 
number  of  plant  products  have  been 
identified  (phenolics,  alkaloids,  ter- 
penes, and  so  forth)  which,  when  re- 
leased into  the  environment  in  suffi- 
cient quantities,  will  inhibit  the 
growth  of  neighboring  plants.  These 
materials  are  released  by  rainwash  or 
by  fog  drip  from  leaf  surfaces  and 
glands,  by  volatilization  from  leaves 
and  roots,  by  secretion  and  exudation 


of  roots,  and  by  decay  of  plant  parts. 

There  is  considerable  evidence  that 
several  of  our  more  aggressive  peren- 
nial weeds  including  quackgrass, 
Canada  thistle,  Johnson  grass,  and 
yellow  nutsedge  can  inhibit  the 
growth  of  certain  crops  by  release  of 
such  toxins.  Some  crop  accessions 
may  also  inhibit  weeds.  Effective 
weed  suppressors  have  been  found  in 
collections  of  sunflower,  oats,  wheat, 
and  soybeans.  Toxins  which  can  sup- 
press crops  and  weeds  have  been 
identified  from  several  cover  crop  res- 
idues associated  with  minimal-  or  no- 
tillage  crop  production. 

A.  R.  Putman  and  W.  B.  Duke,  of 
Michigan  State  University,  East  Lan- 
sing, hypothesized  that  many  pres- 
ently cultivated  species  may  have 
possessed  chemical  molecules  capable 
of  inhibiting  weeds  when  growing  in 
their  wild  habitat.  Such  traits  could 
have  been  lost  through  domestication 
with  intense  breeding  and  selection 
for  specific  desirable  traits.  It  may  be 
possible  to  reintroduce  such  chemical 
traits  into  at  least  some  of  our  present 
crop  species. 

(For  additional  information  on 
chemical  plant-plant  interactions  you 
may  wish  to  read  E.  L.  Rice's  book, 
Allelopathy,  Academic  Press,  1984.) 
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Martin  Jacobson,  research  chemist, 
Insect  Chemical  Ecology 
Laboratory,  Agricultural 
Environmental  Quality  Institute, 
Beltsville  Agricultural  Research 
Center,  Agricultural  Research 
Service 

From  the  time  of  the  early  Romans 
until  1900,  only  three  plant-de- 
rived insecticides — pyrethrum,  helle- 
bore, and  nicotine — have  had  wide- 
spread use.  The  discovery  of  rotenone 
and  several  plant-derived  insecticides 
followed  in  rapid  succession.  Ad- 
vances in  chemistry  and  improved 
screening  techniques  have  led  to  the 
discovery  of  many  plant-derived  in- 
sect toxicants,  repellants,  attractants, 
feeding  deterrents,  growth  inhibitors, 
and  sterilants. 

Some  of  these  compounds,  pro- 
duced by  the  plants  as  defenses 
agaipst  pests  and  pathogens,  may  be 
developed  commercially  from  arid  or 
semiarid  plants  established  as  new 
crops.  They  would  expand  the  range 
of  available  products  for  insect  pest 
control  as  safe  substitutes  for  some 
synthetic  insecticides  that  are  eco- 
logically disruptive  and  for  others 
to  which  insects  have  developed 
resistance. 

Six  Promising  Plants 

Six  plants  appear  to  be  particularly 
promising.  Not  only  are  they  good 
sources  of  insecticides  and  related 
chemicals,  but  they  are  adapted  to 
areas  that  are  marginal  for  production 
of  traditional  food  and  fiber  crops  and 
represent  potential  multiproduct  crops 
for  the  United  States.  They  are  cala- 
mus (Acorus  calamus  L.),  basil  (Oci- 
mum  basilicum  L.),  big  sagebrush 
(Artemisia  tridentata  Nutt),  chilcuan 


[Heliopsis  longipes  (A.  Gray)  Blake], 
mamey  (Mammea  americana  L.),  and 
neem  (Azadirachta  indica  A.  Juss.). 
Although  all  six  could  be  commer- 
cially viable,  the  neem  tree  is  by  far 
the  most  useful  and  likely  to  succeed. 
Much  applied  research  on  agronomy, 
commercial  processing,  and  market- 
ing is  needed  before  commercial  pro- 
duction of  these  species  as  sources  of 
insecticides  would  be  possible  in  the 
United  States. 

Calamus*  This  plant  (also  known 
as  sweetflag)  is  a  member  of  the  fam- 
ily Araceae.  It  is  a  semiaquatic  robust 
perennial  that  can  also  grow  on  dry 
land.  Calamus  is  5  to  6  feet  tall,  has  a 
horizontal  rootstock,  and  grows  at  al- 
titudes from  3,000  to  6,000  feet.  The 
plant  grows  wild  in  the  United  States 
from  Florida  to  Texas  and  in  Idaho, 
and  in  the  various  provinces  of  On- 
tario and  Nova  Scotia  in  Canada.  It  is 
propagated  by  division  in  the  spring 
or  autumn. 

The  large  rhizomes  are  repellent  or 
toxic  to  clothes  moths,  house  flies, 
fleas,  lice,  mosquitoes,  and  many 
stored-grain  insects.  Beta-asarone,  the 
component  primarily  responsible  for 
these  pesticidal  effects,  is  highly  ef- 
fective against  the  rice  weevil,  which 
is  probably  the  most  damaging  insect 
pest  of  stored  grains  in  grain  eleva- 
tors. Beta-asarone  would  probably  be 
very  useful  as  a  fumigant  for  protect- 
ing grain-filled  storage  areas  without 
leaving  residues  on  the  grain  after  the 
areas  are  ventilated.  Other  potential 
uses  of  calamus  compounds  are  for 
the  treatment  of  tuberculosis,  as  a 
germicide,  and  in  perfumery. 

Basil.  Sweet  basil  is  a  smooth  or 
slightly  pubescent  aromatic  herb  with 
white  or  slighdy  purplish  flowers.  It 
was  experimentally  cultivated  from 
seed  by  USDA  in  Virginia  for  several 
years  in  the  1930's.  The  seed  was  im- 
ported from  France,  and  the  whole 
fresh  flowering  herb  was  used  for  dis- 
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tilling  the  oil.  The  plants  grow  rapidly 
on  clay  soil  improved  by  mulching 
with  manure  and  reach  a  height  of  13 
to  16  feet.  Good  yields  of  the  oil  may 
be  produced  in  many  parts  of  the 
United  States  and  sold  at  reasonable 
prices. 

In  addition  to  its  widespread  use  as 
a  spice,  sweet  basil,  which  is  a  mem- 
ber of  the  family  Lamiaceae,  is  rec- 
ommended for  use  against  gastric  dis- 
orders, malarial  fevers,  and  skin 
diseases,  and  for  insect  control.  The 
oil  distilled  from  the  fresh  flowers  or 
the  entire  plant  is  used  extensively  as 
a  flavor  in  confectionery,  baked 
goods,  condiments,  and  spiced  meats, 
and  as  an  aroma  in  certain  perfume 
compounds.  It  is  also  an  effective  re- 
pellant  and  larvicide  for  mites,  aphids, 
and  mosquitoes;  a  growth  inhibitor 
for  milkweed  bugs;  and  a  fungicide. 
Although  not  all  the  repellent  com- 
pounds have  been  identified,  cineole, 
linalool,  and  methyl  chavicol  are  im- 
plicated. Two  compounds,  designated 
as  "juvocimene  I"  and  "juvocimene 
II,"  are  responsible  for  the  growth  in- 
hibition of  milkweed  bugs. 

Big  Sagebrush.  A  member  of  the 
family  Asteraceae,  big  sagebrush  is  a 
rapidly  growing  multibranched  aro- 
matic perennial  that  is  the  dominant 
plant  of  the  Great  American  Desert.  It 
has  been  in  the  West  since  1881  as  a 
fodder  plant  for  range  cattle  and  oc- 
curs wild  in  parts  of  Utah,  Colorado, 
northern  Nevada,  and  northern  Ari- 
zona, where  it  reaches  a  height  of  10 
feet.  The  plant  thrives  in  light,  well- 
drained,  dry,  stony  soils. 

The  leaves  and  shoots  are  placed  in 
granaries  to  protect  stored  cereals 
from  weevils  and  other  pests,  and  the 
water  in  which  they  are  steeped  is 
used  to  kill  or  repel  insect  larvae, 
fleas,  and  locusts.  Several  species  of 
ticks  are  killed  rapidly  by  exposure  to 
the  vapors  of  the  plant.  An  extract  of 
the  branch  ends  is  exceptionally  ef- 
fective in  preventing  the  Colorado  po- 


Neem-based  insecticide  is  sprayed  on  a 
chrysanthemum  to  test  its  efficiency 
against  leafminers. 


tato  beetle  from  feeding.  (The  beede's 
resistance  to  insecticides  in  potato- 
growing  areas  is  an  increasingly  seri- 
ous problem,  and  this  resistance 
probably  will  become  widespread.) 
Various  parts  of  the  plant  are  used  to 
destroy  or  expel  parasitic  worms.  One 
compound  responsible  for  preventing 
feeding  has  been  identified  as  deace- 
toxymatricarin.  Like  many  other  spe- 
cies of  Artemisia,  big  sagebrush  con- 
tains absinthin,  which  is  avoided  by 
insects. 

Chifcuan.  Chilcuan  is  a  perennial 
herb,  4  to  1 1  feet  tall,  in  the  family 
Asteraceae,  native  to  Mexico  but  emi- 
nently suited  for  cultivation  in  the 
mountainous  regions  of  the  United 
States.  Its  roots  are  used  locally  in 
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Tropical  neem  trees  thrive  throughout  the  Caribbean  and  could  do  well  in  Southern 
Florida  and  Hawaii,  according  to  ARS  scientists. 
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Mexico  as  a  spice,  medicine,  anes- 
thetic, and  an  insecticide;  root  ex- 
tracts are  effective  against  house  flies, 
mosquitoes,  body  lice,  cockroaches, 
clothes  moths,  bean  weevils,  and 
other  household  and  agricultural 
pests.  The  compound  responsible  for 
the  insecticidal  properties  has  been 
identified  as  an  amide  that  has  been 
given  the  names  "affinin"  and 
"spilanthol." 

Wild  plants  have  been  transplanted 
successfully,  in  rows  and  beds  at  ele- 
vations of  5,900  to  7,900  feet.  The 
plant  also  can  be  propagated  commer- 
cially by  seeds.  Roots  of  suitable  size 
and  quantity  for  harvest  should  be 
ready  within  2  or  3  years  after 
planting. 

Mamey.  This  tree  (family  Clusi- 
aceae),  39  to  59  feet  tall  bearing  edi- 
ble fruits,  is  found  in  Latin  America 
and  the  West  Indies  and  is  suitable 
for  growth  as  a  commercial  crop  in 
southern  Florida,  Puerto  Rico,  and 
the  U.S.  Virgin  Islands.  Mamey  can 
be  grown  in  Florida  as  far  north  as 
Palm  Beach.  The  flowers,  fruits, 
seeds,  and  leaves  are  effective  against 
a  wide  variety  of  insect  pests  includ- 
ing melonworms,  fleas,  ticks,  lice, 
armyworms,  mosquitoes,  and  cock- 
roaches. The  leaves  have  been  used 
in  the  West  Indies  for  many  years  as 
a  wrapping  around  the  stem  of  newly 
set  garden  plants  to  prevent  garden 
insects  from  attacking  them.  The  dur- 
able wood  from  the  tree  is  used  for 
building  furniture  and  houses;  the 
sweet  flesh  of  the  fruit  (known  as 
"mamey  apple")  is  eaten  raw  or 
cooked;  and  the  fruit  juice  makes  a 
refreshing  drink. 

A  mixture  of  coumarins  in  the 
plant  is  responsible  for  the  pesticidal 
effect,  with  the  major  component 
named  "mammein"  or  "mameyin." 

Neem.  This  hardy  tree,  also  called 
"nim"  or  "margosa,"  (family  Meli- 
aceae)  may  reach  a  height  of  60  feet 


when  fully  grown.  It  is  common  in 
dry  scrub  forests  of  India  (at  least  14 
million  are  known  to  occur  there)  and 
other  countries  of  Asia  and  Africa, 
and  is  being  cultivated  in  several 
countries  of  the  West  Indies  and  Cen- 
tral and  South  America.  Experimental 
plantings  of  neem  are  thriving  in 
southern  Florida,  Puerto  Rico,  and 
the  U.S.  Virgin  Islands.  Young  trees 
grown  from  seed  seem  able  to  survive 
the  climate  of  southern  California  and 
Arizona. 

Although  all  parts  of  the  tree  are 
repellent  to  insects,  extracts  of  the 
seeds  are  outstanding  as  repellants 
and  feeding  deterrents  for  a  broad 
spectrum  of  economic  agricultural 
and  household  insects.  Seed  extracts 
deter  at  least  45  species  of  crop  pests 
in  the  United  States  from  feeding,  in- 
hibit growth  and  development  of  oth- 
ers, and  render  still  others  sterile. 
Several  species  of  nematodes  and 
fungi  are  also  affected.  Examples  of 
the  most  destructive  insects  affected 
are  Japanese  beetles,  cucumber  bee- 
tles, Mexican  bean  beetles,  aphids, 
tobacco  budworms,  rice  weevils,  con- 
fused flour  beetles,  and  leafminers. 
The  oil,  obtained  by  pressing  or  ex- 
tracting the  seeds,  can  be  used  for 
the  manufacture  of  wax  and  lubri- 
cants, and  the  seedcake  left  after  oil 
extraction  makes  an  excellent  fertil- 
izer and  cattlefeed. 

Unlike  most  of  the  present  insecti- 
cides available  on  the  market,  the 
seed  extracts  appear  to  be  nontoxic  to. 
humans  and  animals  and  are  essen- 
tially not  poisonous  to  plants.  Because 
these  extracts  are  absorbed  by  the  tis- 
sues of  the  treated  plant  and  trans- 
located through  the  roots  into  the  foli- 
age (systemic  activity),  they  offer 
relatively  long-lasting  protection  to 
crops  even  after  rain  showers  of  high 
intensity. 

Although  several  chemical  com- 
pounds present  in  the  seeds  are  re- 
sponsible for  the  pesticidal  effects  of 
neem,  the  major  active  component  is 
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a  limonoid  named  "azadirachtin";  it 
can  be  used  effectively  as  an  insect- 
feeding  deterrent  at  concentrations  as 
low  as  1/1  Oth  of  a  part  in  1  million 
parts  of  water. 

Neem  is  envisioned  to  grow  effec- 
tively in  hot,  dry  climates  with  little 
rainfall  where  other  agricultural  crops 
are  unproductive  (shallow,  stony,  or 
sandy  soils)  or  present  a  severe  ero- 
sion hazard.  The  tree  has  a  wide 
range  of  possibilities  for  economic 
development. 

Further  Reading 

Chemical  Defenses  of  Higher  Plants, 
G.A.  Rosenthal,  Scientific  American, 
254(1):  94-99,  January  1986. 

Insecticides,  Insect  Repellents,  and 
Attractants  from  Arid/Semiarid  Land 
Plants,  M.  Jacobson,  Workshop  Pro- 
ceedings on  Plants:  The  Potentials  for 
Extracting  Protein,  Medicines,  and 
Other  Useful  Chemicals,  U.S.  Con- 
gress, OTA-BP-F23,  pp.  9,  28-31, 
138-146,  219,  September  1983. 

Use  of  Plants  and  Minerals  as  Tra- 
ditional Protectants  of  Stored  Prod- 
ucts, P.  Golob  and  D.J.  Webly,  Tropi- 
cal Products  Institute  Report  G138, 
32  pp.,  August  1980. 


Biological 
Control 

Lloyd  A.  Andres,  research 
entomologist,  Plant  Protection 
Research  Unit,  Western  Regional 
Research  Center,  Agricultural 
Research  Service,  Albany,  CA 


Looking  over  the  large  grassy 
imeadow  in  northern  California's 
Humboldt  County,  it  is  hard  to  imag- 
ine that  in  1945,  the  colorful  but  poi- 
sonous weed  St.  Johnswort  literally 
held  this  prime  grazing  land  in  its 
grasp.  Property  values  had  dropped  to 
the  point  that  ranchers  could  not  af- 
ford the  recommended,  albeit  margin- 
ally useful,  control  treatments. 

That  year,  in  an  effort  to  break  the 
weed's  hold  on  the  land,  University  of 
California  and  U.S.  Department  of 
Agriculture  entomologists  introduced 
a  shiny  blue-green  beetle,  Chrysolina 
quadrigemina,  into  the  area.  The  sci- 
entists knew  from  studies  in  Europe, 
the  native  home  of  St.  Johnswort,  and 
in  Australia,  where  the  weed  also  had 
become  a  problem,  that  the  beetle  fed 
exclusively  on  St.  Johnswort,  or 
closely  related  plants,  and  would  not 
become  a  pest  on  agricultural  crops. 
Once  released,  the  beetle  adapted 
quickly  to  California  conditions  and 
by  1950,  St.  Johnswort  was  well  on 
the  way  to  being  controlled. 

Tried  and  True  Method 

Deliberate  introduction  of  natural 
enemies  to  control  pests  goes  back  to 
the  first  U.S.  project  in  1888.  Since 
then,  it  has  been  proved  time  and 
time  again  that  introduced  parasites 
and  predators  can  control  their  pest 
hosts  and,  in  fact,  have  saved  farmers 
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a  limonoid  named  "azadirachtin";  it 
can  be  used  effectively  as  an  insect- 
feeding  deterrent  at  concentrations  as 
low  as  1/1  Oth  of  a  part  in  1  million 
parts  of  water. 

Neem  is  envisioned  to  grow  effec- 
tively in  hot,  dry  climates  with  little 
rainfall  where  other  agricultural  crops 
are  unproductive  (shallow,  stony,  or 
sandy  soils)  or  present  a  severe  ero- 
sion hazard.  The  tree  has  a  wide 
range  of  possibilities  for  economic 
development. 
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Looking  over  the  large  grassy 
imeadow  in  northern  California's 
Humboldt  County,  it  is  hard  to  imag- 
ine that  in  1945,  the  colorful  but  poi- 
sonous weed  St.  Johnswort  literally 
held  this  prime  grazing  land  in  its 
grasp.  Property  values  had  dropped  to 
the  point  that  ranchers  could  not  af- 
ford the  recommended,  albeit  margin- 
ally useful,  control  treatments. 

That  year,  in  an  effort  to  break  the 
weed's  hold  on  the  land,  University  of 
California  and  U.S.  Department  of 
Agriculture  entomologists  introduced 
a  shiny  blue-green  beetle,  Chrysolina 
quadrigemina,  into  the  area.  The  sci- 
entists knew  from  studies  in  Europe, 
the  native  home  of  St.  Johnswort,  and 
in  Australia,  where  the  weed  also  had 
become  a  problem,  that  the  beetle  fed 
exclusively  on  St.  Johnswort,  or 
closely  related  plants,  and  would  not 
become  a  pest  on  agricultural  crops. 
Once  released,  the  beetle  adapted 
quickly  to  California  conditions  and 
by  1950,  St.  Johnswort  was  well  on 
the  way  to  being  controlled. 

Tried  and  True  Method 

Deliberate  introduction  of  natural 
enemies  to  control  pests  goes  back  to 
the  first  U.S.  project  in  1888.  Since 
then,  it  has  been  proved  time  and 
time  again  that  introduced  parasites 
and  predators  can  control  their  pest 
hosts  and,  in  fact,  have  saved  farmers 
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The  delicate  and  beautiful  green  lacewing  adult,  along  with  its  voracious  larvae,  feeds 
on  a  variety  of  soft-bodied  insect  pests,  including  the  pink  bollworm. 


and  ranchers  millions  of  dollars  in 
control  costs  and  losses. 

Although  U.S.  researchers  will  soon 
celebrate  the  100th  anniversary  of 
that  initial  biological  control  project, 
the  method  has  not  lost  its  relevancy, 
even  in  today's  high-technology  agri- 
culture. In  fact,  a  recently  completed 
census  of  insect  pest  species  intro- 
duced to  North  America  notes  that 
the  reservoir  of  foreign  pests  in  the 
United  States  is  increasing.  Each 
year,  an  estimated  1 1  new  immigrant 
species  take  up  residence  in  the 
United  States,  7  of  which  will  become 
pests  of  some  importance.  New  weed 
arrivals  further  compound  the  pest 
problem.  Biological  control  research 
will  play  a  vital  role  in  the  future  to 
meet  the  new  threats  to  our  agricul- 
ture and  environment. 


Biological  Control 
Concept 

The  introduction  of  natural  enemies 
into  the  United  States  from  a  pest's 
native  area  is  a  deceptively  simple 
concept.  It  is  based  on  the  fact  that 
each  weed  or  insect  pest  has  a  com- 
plement of  parasites,  predators,  and 
diseases  that  are  part  of  that  pest's 
coevolved  natural  checks  and  bal- 
ances. When  a  plant  or  insect  is  freed 
from  these  checks  by  being  moved  to 
new  areas  without  its  natural  ene- 
mies, the  new  arrival  enjoys  a  com- 
petitive advantage  over  already  exist- 
ing plant  and  insect  species.  This 
advantage  often  allows  the  newcomer 
to  increase  to  pest  population  levels. 
Biological  control  workers  seek  to  re- 
duce this  advantage  by  traveling  to 
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the  pest's  place  of  origin,  collecting 
its  former  parasites  and  predators, 
and  then  introducing  them  into  the 
pest's  new  home. 

Research  Needs 

The  process  of  locating  the  origin  of 
the  pest  and  then  finding  and  intro- 
ducing new  natural  enemies,  al- 
though simple  in  concept,  poses  lo- 
gistical and  ecological  challenges.  For 
example,  to  locate  the  origin  of  leafy 
spurge,  a  weed  of  importance  in  the 
northern  Great  Plains,  early  plant  col- 
lection records  were  reviewed  to  de- 
termine when  and  where  this  spurge 
first  appeared  in  the  United  States. 
The  localities  noted  indicated  that 
spurge  could  have  arrived  with  early 
immigrants.  A  further  check  of  immi- 
gration and  church  records  revealed 
that  a  number  of  the  settlers  to  these 
sites  came  from  farms  in  Eastern  Eu- 
rope and  the  Ukraine. 

Another  scenario  indicates  that 
spurge  may  have  arrived  as  a  contam- 
inant with  shipments  of  new  plant 
germplasm  from  Eastern  Europe  and 
Asia.  About  the  time  that  spurge  first 
appeared,  two  USDA  plant  explorers 
were  collecting  crop  and  ornamental 
plants,  one  working  in  China  and  one 
in  Russia,  that  would  be  well  adapted 
to  our  northern  Great  Plains.  While 
on  vacation,  a  USDA  entomologist 
who  was  intrigued  as  to  the  origin  of 
our  weed  checked  botanical  collec- 
tions in  Japan  and  Korea  for  records 
of  leafy  spurge  in  Asia.  His  search 
turned  up  plants  resembling  the 
North  American  pest  species,  sub- 
stantiating the  possibility  that  our 
weed  could  have  originated  in  Asia  or 
was  a  multiple  introduction  from  both 
Asia  and  Europe.  The  process  of  ob- 
taining and  matching  plants  from 
Eastern  Europe,  Asia,  and  the  United 
States  to  verify  this  hypothesis  is  still 
under  way. 

Traveling  to  the  pest's  point  of  ori- 
gin to  survey  for  parasites  and  preda- 


tors is  the  next  step.  Success  in 
searching  out  and  obtaining  natural 
enemies  hinges  on  the  support  and 
close  cooperation  of  like-minded  sci- 
entists and  foreign  governments 
around  the  world. 

Once  the  natural  enemies  have 
been  found,  studied,  and  cleared  for 
release,  the  final  challenge  is  to  es- 
tablish them  in  the  highly  automated 
and  artificial  setting  of  today's  agri- 
cultural world.  Pesticides,  ongoing 
disturbances  of  the  habitat  by  agricul- 
tural operations,  and  the  removal  of 
noncrop  vegetation  that  might  other- 
wise offer  food  and  shelter  to  the  nat- 
ural enemies  are  some  of  the  obsta- 
cles that  have  hindered  establishment 
and  control. 

Matching  Pests, 
Climates,  and  Natural 
Enemies 

Projects  often  fail  when  the  natural 
enemies  are  poorly  adapted  to  the 
U.S.  pest  or  climate.  For  example, 
early  shipments  of  the  mite  Aceria 
chondrillae  to  the  Western  United 
States  to  control  rush  skeletonweed, 
Chondrilla  juncea,  failed  to  establish. 
Incompatability  between  the  mites, 
which  originated  in  Greece,  and  the 
U.S.  plants  was  suspected.  A  second 
mite  shipment  from  Italy  readily  es- 
tablished on  American  plants. 

In  another  case,  a  small  parasite 
Trioxys  pallidus  introduced  to  Califor- 
nia from  France  to  control  the  walnut 
aphid  Chromaphis  juglandicola  estab- 
lished well  in  coastal  areas  but  failed 
in  the  warmer  interior  valleys.  Intro- 
ductions of  the  same  parasite  suc- 
ceeded when  it  was  obtained  from  an 
area  of  Iran  where  the  climate  more 
closely  approximated  the  interior 
areas. 

To  improve  the  matchup  between 
populations  of  weed-feeding  insects 
and  their  weed  hosts,  chemists  are 
"fingerprinting"  the  invading  weeds 
by  isolating  and  identifying  key 
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chemical  components  and  comparing 
these  with  similar  isolates  from  for- 
eign populations.  Entomologists  on 
the  other  hand  are  identifying  differ- 
ences between  insect  populations  by 
comparing  enzyme  systems.  Some  re- 
searchers have  suggested  that  a  re- 
evaluation  of  early  biological  control 
attempts  with  these  new  techniques 
would  help  to  explain  some  of  the 
early  failures. 

Increasing  the  Numbers 
of  Natural  Enemies 

Natural  enemies  sometimes  fail  when 
their  numbers  remain  at  levels  too 
low  to  properly  control  their  host.  Ar- 
tificial diets  are  being  formulated  and 
methods  developed  to  produce  and 
disseminate  parasites  and  predators  to 
increase  low  field  populations.  For  ex- 
ample, the  indigenous  fungal  patho- 
gen Colletotrichum  gloeosporioides  f. 
sp.  aeschynomene  is  now  being  cul- 
tured inexpensively  and  sold  to  con- 
trol northern  jointvetch,  a  weed  na- 
tive to  southern  rice  fields.  The 
fungus  can  be  applied  to  the  weed 
with  conventional  pesticide  applica- 
tion equipment. 

Similarly,  forms  of  Bacillus  thurin- 
giensis,  a  bacterium  that  has  proved 
valuable  in  the  control  of  important 
chewing  insects  and  mosquitoes,  are 
being  produced  and  marketed  to 
farmers.  New  microbes  and  improved 
implementation  strategies  are  being 
sought. 

Genetic  Improvement 

Although  the  idea  to  improve  per- 
formance of  natural  enemies  by  intro- 
ducing or  developing  new  genetic 
strains  has  been  around  for  several 
years  it  wasn't  until  the  recent  devel- 
opment and  field  colonization  of  a 
new  strain  of  the  predatory  mite  Me- 
taseiulus  occidentalis,  which  is  resist- 
ant to  several  insecticides,  that  this 
has  proved  practical.  The  mite  is  used 


to  control  spider  mites  feeding  on 
crops. 

Genetic  modification  of  beneficial 
micro-organisms  could  facilitate  artifi- 
cial production  as  well  as  increase 
virulence  and  environmental  toler- 
ances. Fortunately,  many  species  of 
natural  enemies  already  have  a  high 
degree  of  genetic  variability.  Success- 
ful control  is  often  a  matter  of  finding 
these  variants  and  introducing  them 
to  the  problem  areas. 

Habitat  and  Behavioral 
Modification 

Planting  of  cover  crops,  providing 
nectariferous  plants  and  sources  of  al- 
ternate hosts  in  and  around  fields, 
and  interplanting  different  crops  to 
provide  habitat  diversity  are  all  ways 
of  encouraging  natural  enemies  into 
fields  and  enhancing  biological 
control. 

Much  of  an  insect's  behavior  is  me- 
diated by  chemicals  emanating  from 
the  environment.  Entomologists,  now 
aware  of  this,  apply  extracts  from  to- 
mato to  corn  plants  to  increase  the 
parasitization  of  corn  earworm  eggs. 
Food  supplements  applied  to  alfalfa 
and  cotton  can  increase  the  number 
of  green  lacewing  predators  in  the 
crops.  Other  environmental  modifica 
tions  are  being  studied  to  improve 
biological  control. 

Although  the  views  on  biological 
control  and  the  perception  of  its  po- 
tential to  regulate  insect  and  weed 
pests  have  changed  over  the  past  100 
years,  the  idea  of  somehow  bringing 
together  a  pest  and  its  parasites  re- 
mains. It  is  to  every  society's  advan- 
tage to  use  the  pest  controls  that  na- 
ture has  provided.  Biological  control, 
a  method  that  derives  its  energy  di- 
rectly from  the  pests  themselves,  is 
the  best. 
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Changing  the  brain  chemistry  of 
insects  so  they  become  dis- 
oriented and  unable  to  function  or  re- 
produce, is  an  area  of  insect  control 
that  shows  considerable  promise 
today. 

Insects  continue  to  be  a  major 
problem  in  agriculture.  Diverse  con- 
trol tactics  are  now  being  devised  in 
the  basic  and  applied  sciences  to 
manage  pest  populations.  With  the 
development  of  emerging  biotechnol- 
ogies, both  chemical  and  biological 
elements  could  well  be  incorporated 
into  the  design  of  safer  and  more  se- 
lective control  agents. 

Chemical  Control  Can 
Be  Dangerous 

Enthusiasm  for  synthetic  organic  in- 
secticides in  insect  control  has 
yielded  to  realization  that  they  are 
strong,  yet  often  dangerous  medicine 
in  the  long  term.  Heavy  insecticide 
pressure  on  genetically  rich  insect 
populations  has  led  to  resistant 
strains  which  are  more  difficult  and 
expensive  to  control.  Undesirable  en- 
vironmental and  health  trade-offs  as- 
sociated with  chemical  intensive  agri- 
culture also  are  becoming  apparent. 
As  a  result,  the  number  of  safe,  yet 
effective  insecticides  available  to 
growers  is  decreasing  rapidly  in  spite 
of  the  fact  that  chemicals  often  serve 
as  the  only  reasonable  way  of  dealing 


with  unpredictable  pest  outbreaks. 
Insecticides  will  continue  to  be  an  es- 
sential option  in  integrated  control 
strategies,  and  the  development  of 
newer,  safer  insecticides  remains  an 
important  goal  in  agricultural 
research. 

At  the  same  time,  there  is  an  in- 
creased recognition  that  more  tradi- 
tional methods  for  insecticide  dis- 
covery are  too  costly  and  time- 
consuming  to  be  successful  in  the  fu- 
ture. More  sophisticated  searching 
strategies  are  needed. 

How  Are  Insecticides 
Discovered? 

The  evolution  of  today's  major  agri- 
cultural insecticides  can  be  traced 
from  two  main  origins.  Some  have 
their  genesis  in  the  botanical  folklore 
of  earlier  cultures;  for  example,  pyre- 
thrum  from  chrysanthemum  flowers, 
nicotine  from  tobacco,  rotenone  from 
Derris,  and  physostigmine  from  the 
calabar  bean.  These  naturally  occur- 
ring substances  provided  model  struc- 
tures for  many  of  the  synthetic  or- 
ganic insecticides  introduced  since 
World  War  II,  including  the  pyre- 
throids  and  the  carbamates. 

Other  classes  of  insecticides  were 
discovered  purely  by  accident  in  ex- 
ploratory synthesis  programs  geared 
initially  for  purposes  other  than  insect 
control.  These  valuable  discoveries 
gave  rise  to  DDT,  the  organophos- 
phates,  and  more  recently,  the  for- 
mamidines  and  the  avermectins. 

Most  modern  day  insecticides, 
therefore,  have  been  modeled  after 
existing  botanicals  or  from  lead  struc- 
tures discovered  by  chance.  Efforts  in 
agricultural  chemistry  have  been  pri- 
marily devoted  to  improving  these 
structures,  rather  than  being  directed 
by  any  real  knowledge  of  the  inner- 
workings  of  insect  pests.  The  obvious 
challenge  becomes  that  of  under- 
standing and  exploiting  the  unique 
features  of  insect  life  processes  for 
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the  development  of  more  selective 
control  strategies. 

Current  research  is  demonstrating 
that  many  aspects  of  insect  brain 
chemistry  may  provide  clues  for 
achieving  selectivity  at  the  physiologi- 
cal level. 

The  Insect  Brain 

The  nervous  system  of  insects,  like 
that  of  all  other  animals,  integrates 
and  coordinates  the  functions  of 
many  organ  systems  in  the  body.  Its 
component  nerve  cells  relay  informa- 
tion through  the  transmission  of 
chemical  signals  called  neurotrans- 
mitters. These  endogenous  brain 
chemicals  are  released  in  minute 
amounts  between  cells  to  regulate 
nervous  activity  and  to  store 
information. 

The  most  effective  of  today's  crop 
protection  insecticides  are  nerve  poi- 
sons acting  to  upset  the  delicate  reg- 
ulation of  neurotransmitters  within 
the  brain.  Unfortunately  they  are 


general  toxins  affecting  brain  chemi- 
cals common  also  to  nontarget  orga- 
nisms, hence  the  high  risk  associated 
with  their  use.  The  goal  of  future  in- 
secticide development  is  to  focus  on 
the  unique  aspects  of  insect-specific 
physiological  processes,  thereby  in- 
creasing the  margin  of  safety  for  non- 
target  animals.  Because  the  insect 
brain  is  involved  in  critical,  high-level 
coordination  functions,  it  is  a  promis- 
ing target  for  future  insecticides. 

In  insects,  the  brain  is  a  central 
command  post  which  programs  devel- 
opmental, reproductive,  metabolic  and 
behavioral  states  at  the  appropriate 
times  throughout  the  body.  The  brain 
does  this  by  issuing  chemical  mes- 
sages called  neurohormones  from 
specific  nerve  cells,  which,  in  turn, 
orchestrate  the  precisely  timed  libera- 
tion of  blood-borne  hormones  from 
glands.  Their  structural  and  physio- 
logical properties  set  them  apart  from 
the  neurotransmitters,  making  them 
unique  targets  for  future  insecticides. 

Can  the  brain  as  a  control  center 
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be  "short-circuited"  through  the  dis- 
ruption of  neurohormone  messages? 
The  discovery  and  structure  elucida- 
tion of  insect  neurohormones  are  pro- 
ceeding now  at  a  rapid  rate  and  set 
the  stage  for  answering  such  a 
question. 

Critical  insect  Brain 
Chemicals 

Insects  are  highly  specialized  ani- 
mals, and  many  aspects  of  insect 
physiology  are  by  nature  unique  in 
the  animal  kingdom.  A  few  examples 
illustrate  the  types  of  unique  proc- 
esses which  may  be  vulnerable  to  fu- 
ture insecticides. 

An  obvious  distinguishing  feature 
of  insects  is  their  hard  outer  shell  or 
exoskeleton.  To  grow  and  change 
form  from  larva  to  adult,  a  multi-step 
developmental  process  known  as 
molting  occurs  in  which  the  insect 
emerges  from  its  outer  shell  several 
times  on  its  way  to  becoming  a  repro- 
ductive adult.  The  timing  and  form  of 
each  new  growth  stage  is  pro- 
grammed by  two  brain  neuro- 
hormones which  trigger  the  release  of 
developmental  hormones  from  spec- 
ialized glands.  The  neurohormone, 
"PTTH,"  released  from  the  brain 
causes  the  secretion  of  the  molting 
hormone  from  the  prothoracic  gland. 
A  second  neurohormone,  "allatotro- 
pin,"  activates  the  secretion  of  juve- 
nile hormone  from  the  corpus  alla- 
tum,  a  pituitary-like  gland  directly 
behind  the  brain.  By  regulating  the 
relative  levels  of  juvenile  hormone 
and  molting  hormone  in  the  blood, 
the  brain  determines  whether  the  in- 
sect continues  its  development  as  a 
larva  or  if  it  is  to  undergo  metamor- 
phosis to  the  adult  form.  It  is  likely 
that  any  disruption  of  the  PTTH  or 
allatotropin  commands  from  the  brain 
would  prove  lethal  to  the  developing 
insect. 

Another  vital  function  associated 
with  the  molting  process  is  the  hard- 


ening and  darkening  of  the  exo- 
skeleton. For  a  time  immediately  fol- 
lowing the  shedding  of  the  old 
cuticle,  the  insect  is  soft  and  vulnera- 
ble. To  speed  the  hardening  of  the 
new  cuticle,  the  brain  sends  a  neuro- 
hormone signal  called  bursicon  to  the 
integument  where  it  catalyzes  the  ap- 
propriate biochemical  reactions.  Inhi- 
bition of  bursicon  release  from  the 
brain  would  effectively  prolong  the 
helpless,  vulnerable  state  the  insect 
finds  itself  in  just  after  the  molting 
process. 

Reproductive  processes  also  are  dri- 
ven by  brain  neurohormone  com- 
mands. For  example,  reproductive  fe- 
males attract  males  through  the 
release  of  volatile  pheromones  into 
the  air  from  specialized  abdominal 
glands.  The  brain  initiates  pheromone 
release  by  issuing  a  recently  discov- 
ered neurohormone  to  activate  the 
glands.  Egg  maturation  also  depends 
on  a  newly  discovered  neurohormone 
command  from  the  brain. 

Such  examples  show  the  impor- 
tance of  critical  brain  neurohormones 
that  serve  as  high  level  command  sig- 
nals to  the  glandular  system.  These 
result  in  hormonally  induced  physio- 
logical states  in  the  insect.  It  is  the 
goal  of  researchers  today  to  devise 
methods  of  altering  these  brain 
chemicals  for  the  purpose  of  control- 
ling pest  insects. 

Altering  Insect  Brain 
Chemistry 

The  basic  idea  involves  changing  the 
level  of  a  particular  brain  chemical, 
either  to  cause  overabundance  or  de- 
pletion and  to  thereby  disrupt  coordi- 
nation systems  vital  to  insect  survival. 
The  most  direct  method  would  be  to 
flood  insect  systems  with  chemical 
analogs  that  mimic  the  actions  of  par- 
ticular brain  chemicals.  The  conven- 
tional insecticide  nicotine  acts  this 
way  on  neurotransmitter  receptors  in 
the  nervous  system.  An  alternative 
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method  involves  inhibition  of  en- 
zymes regulating  the  levels  of  neuro- 
transmitters in  the  nervous  system, 
exemplified  by  the  anticholinesterase 
insecticides. 

These  conventional  insecticides  op- 
erate in  precisely  the  way  we  have 
envisioned  for  those  of  the  future, 
namely  to  upset  delicate  levels  of 
brain  chemicals.  But  the  conventional 
insecticides  have  the  disadvantage  of 
being  very  toxic  to  humans  and  non- 
target  organisms  as  well  as  to  insects. 
Efforts  are  now  under  way  to  direct 
future  control  agents  toward  brain 
chemicals,  neurohormones,  which 
serve  as  command  signals  for  hor- 
monal triggers  in  the  insect  endocrine 
system.  By  focusing  on  insect-specific 
neurohormones,  it  is  hoped  that  prob- 
lems of  general  toxicity  to  nontarget 
organisms  will  be  avoided. 

An  important  consideration  for  any 
chemical  control  strategy  is  delivery 
of  the  material  to  the  inside  of  the  in- 
sect. Practically  speaking,  this  means 
penetration  either  direcdy  through 
the  insect's  cuticular  exoskeleton  or 
by  ingestion.  This  poses  special  prob- 
lems when  dealing  with  peptide  neuro- 
hormones. Although  the  neuro- 
hormones occupy  vital,  high-level 
command  positions  in  the  coordina- 
tion of  bodily  functions,  they  are  com- 
plex, unstable  molecules  lacking  the 
necessary  chemical  features  to  be 
considered  as  models  for  insecticides. 
They  cannot  penetrate  the  insect  cu- 
ticle nor  can  they  survive  the  physical 
stresses  of  field  conditions.  It  is, 
therefore,  impractical  to  synthesize 
peptide  analogs  as  candidate 
insecticides. 

Instead,  two  alternative  approaches 
for  altering  neurohormone  levels  in 
the  insect  brain  are  envisioned.  One 
possible  strategy  would  be  to  inhibit 
neurohormone-regulating  enzymes 
with  chemical  analogs.  Such  analogs 
could  be  specifically  designed  for  cu- 
ticle penetration  and  environmental 
stability.  The  second  approach  would 


be  to  incorporate  genetically  engi- 
neered insect  neurohormone  genes 
into  specific  pathogens  (disease-caus- 
ing agents)  using  genetic  engineering 
technology.  The  pathogens  would 
then  infect  pest  insects  and  introduce 
neurohormones  at  inappropriate  times 
during  the  life  cycle. 

Inhibition  of  Neurohormone 
Regulatory  Enzymes.  To  recog- 
nize the  vulnerable  aspects  of  neuro- 
hormone dynamics,  it  is  helpful  to  re- 
view the  biochemical  processes 
leading  to  the  activation  of  the  hor- 
mone message  and  its  eventual  termi- 
nation. The  production  of  a  peptide 
neurohormone  begins  at  the  level  of 
the  gene.  The  DNA  coding  for  the 
neurohormone  is  read  onto  a  messen- 
ger strand,  which  serves  as  a  tem- 
plate to  assemble  a  precise  sequence 
of  amino  acids  forming  a  neuro- 
hormone precursor  protein.  From  this 
point  on,  regulatory  enzymes  are  used 
to  process  the  active  neurohormone 
from  the  precursor  as  well  as  to  de- 
stroy the  neurohormone  after  its  sig- 
naling function  has  been  fulfilled. 
These  processing  enzymes  are  vitally 
important  for  appearance  of  the  neuro- 
hormone. A  chemical  analog  that 
blocked  the  action  of  these  enzymes 
would  function  as  an  antineuro- 
hormone,  preventing  the  brain  from 
initiating  vital  physiological  processes. 

A  second  point  of  attack  with 
chemical  analogs  are  degradative  en- 
zymes involved  in  the  termination  of 
neurohormone  signals.  This  type  of 
action  would  have  the  opposite  result, 
namely  to  increase  the  neuro- 
hormone's effect.  Such  activation  of 
the  neurohormone  signal  would  be 
analagous  to  the  inhibition  of  the 
cholinesterase  enzyme  by  conven- 
tional insecticides,  but  ideally  would 
effect  an  insect-specific  neuro- 
hormone signal. 

These  conceptual  approaches  have 
already  led  to  the  invention  of  poten- 
tial pharmaceutical  drugs  which  af- 
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feet  neuropeptide  levels  in  the  brain 
and  other  tissues  of  mammals 
through  inhibition  of  their  regulatory 
enzymes.  In  the  kidney,  for  example, 
a  substance  called  captopril  inhibits 
the  processing  enzyme  responsible  for 
activation  of  Angiotensin  I,  a  peptide 
implicated  in  hypertension  conditions. 
Another  drug  known  as  thiorphan  in- 
hibits the  degradative  enzyme  for  the 
brain  peptide  enkephalin,  leading  to 
activating  its  effects  in  the  brain. 
The  development  of  such  drugs 
suggests  the  potential  for  treating 
neural  disorders  by  affecting  the  dy- 
namics of  peptide  messages  in  the 
brain.  It  is  hoped  that  analagous 
types  of  enzyme  inhibitors  can  be 
created  to  alter  the  levels  of  insect 
neurohormones  for  control  purposes. 

Genetically  Engineered  Path- 
ogens. The  development  of  gene- 
engineering  technologies  makes  it 
possible  for  the  first  time  to  envision 
the  use  of  insect-specific  pathogens  to 
transport  neurohormones  into  pests. 
This  approach  would  obviate  the  di- 
rect use  of  chemicals  and  circumvent 
the  problems  associated  with  the  insta- 
bility and  complexity  of  peptide 
chemistry.  Instead,  the  pathogen 
would  function  as  a  biological  pack- 
aging and  delivery  system  for  the 
neurohormones  into  pest  insects  to 
cause  disruption  of  normal  hormonal 
states. 

Both  bacterial  and  viral  pathogens 
already  are  used  with  some  success 
in  insect  control.  Bacteria  kill  insects 
by  secreting  large  amounts  of  a  toxic, 
crystalline  protein  into  the  gut.  In 
contrast,  viruses  infiltrate  and  com- 
mandeer the  genetic  systems  of  their 
hosts  in  order  to  propagate  them- 
selves. Can  the  genetic  code  of  either 
of  these  pathogen  types  be  used  to  in- 
troduce insect-specific  neuro- 
hormones into  host  pests? 

In  theory,  the  technology  already 
exists.  In  fact,  recent  experiments 
have  demonstrated  the  incorporation 


and  efficient  expression  of  foreign 
genes  into  insect  bacterial  and  viral 
pathogens.  But  devising  genetically 
engineered  pathogens  for  crop  protec- 
tion is  an  exciting  and  challenging 
idea  that  will  require  much  time  and 
experimental  work. 

First,  the  genes  for  insect  neuro- 
hormones must  be  identified  and  de- 
tails related  to  their  regulation  and 
expression  described.  Further  studies 
will  be  needed  to  work  out  the  details 
of  efficient  incorporation  of  neuro- 
hormone genes  into  appropriate  path- 
ogens and  finally  to  produce  patho- 
gens in  sufficient  volume  to  apply 
under  field  conditions.  Nevertheless, 
it  appears  to  be  only  a  matter  of  time 
before  such  new  "high-tech"  control 
strategies  are  ready  to  be  considered 
as  new  and  safer  alternatives  to  con- 
ventional insecticides. 

Newer  Insecticides 
Acting  on  Hormonal 
Systems 

The  recent  introduction  of  two  new 
chemical  insecticides  which  act  on 
insect  hormonal  systems  provides  ex- 
amples of  what  the  future  could  bring 
in  terms  of  safer  and  more  specific 
insect  control  methods.  The  first  ex- 
ample is  the  insecticide,  chlordime- 
form,  which  interferes  with  the  insect 
neurohormone  octopamine.  The  sec- 
ond example,  methoprene,  disrupts 
the  juvenile  hormone  system.  These 
materials  have  as  a  common  feature 
the  ability  to  control  insect  popula- 
tions without  causing  acute  symp- 
toms of  poisoning  or  toxicity.  Their 
mechanisms  of  action  cause  the  dis- 
ruption of  key  insect  hormonal 
systems. 

Chlordimeform.  The  discovery  of 
chlordimeform,  as  in  the  case  of 
many  other  insecticides,  was  acciden- 
tal. But  it  was  nonetheless  tremen- 
dously interesting  because  of  the 
mechanism  by  which  it  controls  in- 
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sect  populations.  The  key  to  the  field 
efficacy  of  chloridimeform  was  not  its 
acute  toxicity,  but  behavioral  disrup- 
tion which  resulted  in  reduction  or 
inhibition  of  insect  feeding.  When 
chlordimeform  was  tested  in  conven- 
tional insecticide  screens,  the  subde 
behavioral  actions  of  this  substance 
were  completely  missed  and  the  ma- 
terial was  not  considered  to  be  insec- 
ticidal.  Field  tests,  however,  showed 
remarkable  suppression  of  insect  pop- 
ulations. When  researchers  began  to 
scrutinize  the  effects  of  this  remark- 
able new  chemical  on  insect  behavior, 
they  found  that  just  a  few  bites  of  a 
leaf  sprayed  with  the  material  caused 
caterpillars  to  become  disoriented  to 
the  extent  that  they  ultimately  left 
the  plant. 

With  time,  it  was  also  noticed  that 
ovicidal  effects  of  chlordimeform  were 
also  attributable  to  a  behavioral  ac- 
tion. Emerging  larvae  normally  chew 
an  exit  hole  through  the  eggshell.  But 
in  the  case  of  treated  eggs,  the  oral 
dose  obtained  by  the  larva  resulted  in 
a  cessation  of  feeding  behavior  and 
unsuccessful  hatching.  Further  stud- 
ies on  chlordimeform  have  revealed 
disruption  in  pheromone  communica- 
tion between  adult  males  and  females 
and  altered  egg-laying  patterns. 

All  these  observations  point  to  an 
exciting  new  mode  of  action  for 
chlordimeform  involving  its  ability  to 
mimic  octopamine,  an  aminergic 
neurohormone  in  the  insect  brain. 
Octopamine  is  important  in  control- 
ling behavioral  expression  as  well  as 
the  release  of  hormones  from  glandu- 
lar sources.  The  action  of  chlordime- 
form on  the  octopamine  system  in 
pest  insects  represents  the  first 
known  case  in  which  disruption  of  a 
neurohormonal  system  has  led  to  ef- 
fective control  through  sublethal  ac- 
tions on  neurohormonal  mechanisms. 


tion  was  the  invention  of  methoprenei 
a  mimic  of  the  juvenile  hormone.  As 
discussed  earlier,  levels  of  juvenile 
hormone  in  the  blood  determine 
whether  a  larval  insect  becomes  an 
adult  or  whether  it  continues  on  as 
another  larva.  Shortly  after  elucidat- 
ing the  structure  of  juvenile  hor- 
mone, scientists  created  methoprene 
by  incorporating  new  features  into 
the  molecule,  permitting  it  to  pene- 
trate the  cuticle  while  retaining  its  bio- 
logical activity.  Exposure  of  insects  to 
methoprene  at  inappropriate  times  in 
their  life  history  caused  the  develop- 
ment process  to  go  awry  in  such  a 
way  that  pseudo-adults  resulted,  pos- 
sessing incompletely  developed  repro- 
ductive organs.  In  other  words,  the 
insects  were  sterile  and  unable  to 
propagate  a  further  generation. 

The  success  of  methoprene,  like 
that  of  chlordimeform,  illustrates  how 
insects  can  be  controlled  through  the 
disruption  of  their  own  specific  hor-    , 
monal  systems.  The  modes  of  action 
of  these  compounds  are  fundamen- 
tally different  from  the  conventional 
insecticides  in  that  death  results  from 
subde  actions  on  behavior  or  develop- 
ment, not  from  acute  neurophysiolog- 
ical  poisoning. 

The  exciting  aspect  of  the  metho- 
prene story  is  its  mode  of  develop- 
ment. It  represents  the  first  example  : 
of  a  commercial  insecticide  being  de- 
veloped from  an  insect  hormone.  Al- 
though methoprene  is  suitable  only 
for  the  control  of  certain  pests  of  the 
adult  stage  (mosquitoes,  fleas,  cock- 
roaches), other  types  of  directed 
chemical  synthesis  may  result  from 
basic  knowledge  of  insect  neuro- 
endocrinology. 


Methoprene.  Another  key  prece- 
dent demonstrating  insect  control 
through  disruption  of  hormonal  func- 
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Travelers  who  cross  time  zones 
usually  experience  jet  lag.  Jet  lag 
is  a  dramatic  illustration  of  the  effects 
of  desynchronization  of  rhythms  in 
these  travelers.  Insects  are  small, 
complex  animals.  Their  biological  sys- 
tems are  similar  to  those  of  humans, 
although  these  systems  are  consider- 
ably smaller  and  may  appear  in  some- 
what different  form  anatomically. 
Some  of  the  rhythms  in  many  insect 
species,  including  important  agricul- 
tural pests,  include  those  of  oxygen 
utilization,  susceptibility  to  insecti- 
cides, activity,  mating,  and  egg 
laying.1 

Insect  Rhythms 

In  humans,  regularly  recurring  cues 
provided  by  daylight  and  darkness, 
schedules  of  social  activities,  meal- 
timing,  and  so  on  serve  as  synchro- 
nizing mechanisms.  Humans  don't 
generally  realize  that  rhythms  exist  in 
insects  or  that  understanding  insect 
rhythms  will  help  in  learning  how  to 
manage  pest  insects.  Insects  must 


"The  field  of  chronobiology  deals  with 
quantitating  rhythms  with  periods  varying 
from  minutes  to  years,  and  sophisticated 
analyses  have  been  developed  to  detect 
meaningful  (statistically  significant) 
rhythms  in  "noisy"  data.  For  purposes  of 
this  publication,  we  accept  the  fact  that 
rhythms  exist  and  deal  with  their 
manifestations. 


hatch,  pass  through  definite  develop- 
mental stages,  emerge  from  the  pupa, 
and  be  ready  to  mate  at  appropriate 
times  of  the  year  if  they  are  to  have  a 
fair  chance  of  survival  and  of  leaving 
descendants.  The  timing  of  these  key 
events  is  under  the  influence  of  met- 
abolic and  neural  activities  which  are 
believed  to  exhibit  circadian  (literally, 
about  a  day)  and  other  rhythms. 

These  rhythms  are  synchronized  by 
regular  regimens  of  daylight  and 
darkness,  by  regularly  recurring  high 
and  low  temperatures  as  can  occur 
out-of-doors  during  daylight  and  dark- 
ness as  night  follows  day.  Other  regu- 
larly recurring  phenomena  also  may 
serve  as  synchronizers,  and  occasion- 
ally a  single  stimulus  such  as  a  light 
flash  can  synchronize  a  hatching  or 
emergence  rhythm.  Responsiveness 
to  these  cues  raises  the  odds  that  the 
weather  and  the  availability  of  food  or 
mates  will  be  appropriate  to  the  life 
stage  of  the  insect. 

Insect  rhythms  are  subject  to  dis- 
ruption if  the  regimen  of  the  synchro- 
nizer is  altered  or  disrupted.  The 
usual  result  is  an  increased  chance  of 
death  or  a  reduced  chance  of  suc- 
cessful reproduction.  Thus,  rhythm 
modification  might  help  1)  reduce 
those  pesky  face  flies  that  suddenly 
appear  when  the  days  get  longer, 
2)  enable  large  numbers  of  sterile 
lab-reared  males  to  compete  for  mates 
in  the  field  with  small  numbers  of 
fertile  wild  males,  3)  enable  us  to  iso- 
late natural  hormones  where  the  con- 
centration is  highest,  4)  permit  us  to 
evaluate  sex  attractants  when  the  in- 
sects will  respond,  5)  dictate  when 
maximum  response  to  treatments  or 
insecticide  application  might  be 
expected. 

Chemical 
Desynchronization 

We  have  been  able  to  tinker  with  in- 
sects' bioclocks  by  altering  light  and 
temperature  schedules;  perhaps  we 
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can  tinker  biochemically  as  well  with 
their  time-measuring  systems.  Some 
chemicals  are  known  which  can  shift 
the  timing  of  the  peak  of  some  hu- 
man rhythms;  one  of  these  is  ACTH- 
1-17,  a  synthetic  peptide  similar  to 
half  the  brain  hormone  molecule 
which  stimulates  the  adrenal  gland  to 
produce  steroids  similar  to  cortisone. 
Such  a  peptide  could  be  used  to  ad- 
just the  timing  of  the  peak  of  some 
physiological  function  so  that  maxi- 
mum effect  of  a  treatment  could  be 
optimized  for  the  benefit  of  the  pa- 
tient. Another  use  of  such  a  material 
might  be  to  prevent  or  minimize  jet 
lag.  In  the  case  of  pest  insects,  the 
rhythms  would  be  desynchronized  or 
the  peaks  would  be  shifted  so  that  the 
insect  would  not  complete  its  life 
cycle  and  so  would  not  reproduce. 
Clearly,  this  would  be  a  slower 
method  of  destroying  the  insect  pest 
than  exposure  to  a  quick-acting  stom- 
ach poison,  but  it  might  have  a  far 
less  devastating  impact  on  nontarget 
inhabitants  of  the  ecosphere. 

Diapause 

On  the  other  hand,  the  promotion  of 
development  rather  than  preventing 
growth  may  also  be  unfavorable  to  in- 
sect pests.  Many  insects  have  a  built 
in  mechanism,  the  diapause  response, 
to  keep  them  alive  over  periods  of 
time  in  which  food  supplies  are  low 
or  temperatures  are  not  conducive  to 
survival.  Diapause  in  insects  is  like 
hibernation  in  bears;  both  insects  and 
bears  store  fat,  stop  eating,  and  then 
use  these  fat  reserves  during  hiberna- 
tion at  a  much  lower  rate  than  if  they 
were  in  the  nondiapausing  or  hiber- 
nating state. 

Some  strains  of  a  species  will  dia- 
pause and  some  will  not.  Genetic  dif- 
ferences exist  among  these  strains, 
but  we  do  not  understand  the  mecha- 
nisms fully.  If  an  insect  possesses  the 
necessary  genes,  it  will  exhibit  the 
diapause  response.  For  diapause  to 


occur,  the  environment  must  provide 
the  appropriate  signals,  and  the  insect 
must  be  competent  to  respond.  Inter- 
estingly enough,  some  strains  of  in- 
sects that  have  been  maintained  for  a 
long  time  in  the  laboratory  no  longer 
diapause. 

In  diapause  changes  also  may  oc- 
cur in  the  insect  body  fluids  when 
compared  to  nondiapausing  insects. 
An  example  is  an  increase  in  glycerol 
which  apparently  serves  as  a  biologi- 
cal "antifreeze." 

We  are  familiar  with  some  but  not 
all  of  the  facts  concerning  how  dia- 
pause comes  about.  For  instance,  we 
know  that  if  the  average  temperature 
is  above  a  threshold  level  during  the 
time  an  insect  is  preparing  to  dia- 
pause, the  insects  will  not  diapause 
even  though  the  photoperiodic  regi- 
men is  appropriate.  This  critical  tem- 
perature differs  for  each  species  and 
sometimes  for  the  same  species  in 
each  geographic  area. 

We  know,  too,  that  insect  hormones 
which  are  required  for  maintaining 
the  immature  stage  or  for  promoting 
development  to  the  adult  stage  are  at 
least  quantitatively  different  in  dia- 
pausing  and  nondiapausing  individu- 
als. When  days  are  shortening  in  the 
fall,  different  quantities  of  hormones 
are  being  produced  than  in  the  longer 
summer  days.  Some  scientists  have 
suggested  that  a  special  diapause  hor- 
mone is  produced  which,  when  se- 
creted, promotes  or  maintains 
diapause. 

Preventing  Diapause 

Diapause  can  be  prevented  by  ex- 
tending the  natural  day  or  by  inter- 
jecting light  breaks  into  the  dark 
span  in  which  insects  are  maintained. 
This  is  true  whether  the  insects  are 
under  field  conditions  or  are  domesti- 
cated in  laboratory-rearing  boxes. 
However,  the  biochemistry  and  physi- 
ology which  must  be  investigated  are 
not  so  clearly  known. 
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European  Corn  Borer 
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In  about  seven  days  of  16  hours  of  light  and 
8  hours  of  darkness,  larva  A  develops 
pupal  (worm-like)  stage.  Larva  B,  in  12 
hours  of  light/12  hours  of  darkness 
sequence,  molts  several  times  but  fails  to 
develop  pupa. 
(From  the  work  of  D.  B.  Gelman,  ARS,  USDA) 


The  steroid  hormone,  ecdysone, 
which  induces  molting,  or  ecdysis, 
has  a  circadian  cycle.  Ecdysone  levels 
in  insect  blood  are  high  in  insects 
synchronized  in  a  day  of  16  hours 
light-8  hours  darkness  and  low  in 
those  held  in  12  hours  light— 12  hours 
darkness.  These  data  show  just  one 
measurement  every  24  hours  and, 
therefore,  will  not  show  the  circadian 
phenomenon. 

Precisely  how  the  daylength  is 
measured  in  insects  is  unknown.  A 
peptide  hormone  may  be  involved. 
Humans  are  acquainted  with  large 
peptides  such  as  insulin.  In  insects, 
molecules  with  a  similar  structure  are 
involved.  It  is  also  unknown  how  ex- 


posure to  appropriate  temperature 
cycles  can  result  in  development  or 
diapause  if  the  organisms  are  main- 
tained in  constant  darkness  or  con- 
stant dim  light. 

Manipulation  of  Light.  Even 
without  detailed  knowledge  of  the 
biochemical  steps,  the  principles  of 
pest  control  by  manipulation  of  day- 
light and  darkness  or  photoperiod  ma- 
nipulation have  been  demonstrated. 
When  we  studied  populations  of  Eu- 
ropean corn  borer  larvae  in  a  stand  of 
corn  and  codling  moth  larvae  in  ap- 
ples out-of-doors,  we  changed  the 
length  of  the  day  artificially,  and  the 
larval  insects  either  developed  into 
adults  in  the  late,  cold  fall  or  the  dia- 
pause state  was  disrupted  over  the 
winter  so  that  spring  emergence  of 
sexually  mature  adults  was 
prevented. 

In  this  study,  a  span  of  13  hours  or 
less  of  daylight  in  the  fall  was  ex- 
tended to  16  hours  with  artificial 
lights.  The  light  sources  were  either 
fluorescent  lights  in  screen  cages  or 
large  mercury  arc  lamps  similar  to 
those  used  to  illuminate  shopping 
center  parking  lots.  This  method  of 
extension  of  the  light  span  (or  photo- 
phase)  for  preventing  diapause  was 
shown  to  be  technically  possible  and 
might  be  an  alternative  to  adding 
chemical  pesticides  to  the  environ- 
ment. We  and  other  investigators  also 
have  found  that  short  interjections  of 
light  pulses  prevented  hibernation, 
but,  in  our  hands,  photophase  exten- 
sion produced  more  consistent  results 
than  did  the  light  pulses. 

At  the  time  these  tests  were  com- 
pleted, it  was  evident  that  for  a  given 
application  the  costs  for  installing  and 
operating  fixed  light  sources  to  con- 
trol insect  pests  would  be  at  least 
100-1,000  times  those  of  commercial 
pesticides  and  other  control  measures 
for  the  average  farm  operator.  Since 
changing  daylight  time  with  lights 
would  be  too  expensive  at  the  present 
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time  for  farmers,  other  ways  of  tink- 
ering with  rhythms  were  studied. 

Colored  Substances.  We  began 
by  determining  what  colors  or  wave- 
lengths of  light  were  most  effective. 
We  found  that  blue  to  blue-green 
light  with  wavelengths  between  440- 
490  nanometers  was  most  effective  in 
preventing  or  terminating  diapause  in 
three  species  of  moths.  This  finding 
suggests  that  one  or  more  of  many 
colored  substances  found  naturally  in 
insects  might  be  acting  as  the  photo- 
receptor. Included  could  be  heme  pig- 
ments similar  to  human  hemoglobin, 
which  is  the  red  pigment-protein  in 
red  blood  cells,  some  vitamins  or  their 
precursors  such  as  riboflavin  (yellow), 
carotene  (yellow  or  orange)  and  pyri- 
doxin (sometimes  producing  a  colored 
product  when  combined  with  enzyme 
protein)  and  highly  fluorescent  sub- 
stances such  as  the  pteridines  which 
give  eyes  of  the  fruit  fly,  Drosophila 
melanogaster,  much  of  their  color. 

Demonstrating  either  that  one  of 
these  colored  substances  or  that  a 
combination  of  two  or  more  of  these 
substances  working  together  are  re- 
sponsible for  the  development  result- 
ing from  the  extended  day  is  not  an 
easy  task.  One  approach  is  to  deter- 
mine the  effects  of  light  on  various 
biochemical  reactions  in  the  intact 
insect. 

In  one  such  test,  we  exposed  pink 
bollworm  larvae  to  light  during  a  time 
when  they  would  normally  have  been 
in  darkness.  This  resulted  in  a  de- 
crease in  the  activity  of  an  enzyme, 
catalase,  below  the  level  found  in  in- 
sects not  so  exposed.  This  enzyme, 
which  converts  hydrogen  peroxide 
generated  by  both  humans  and  in- 
sects into  water  and  oxygen,  is  red 
because  it  contains  the  heme  nu- 
cleus, one  of  our  candidate  pigments. 

The  experiment  suggests  that  light 
does  act  on  colored  molecules  in  liv- 
ing insects  and  provides  the  basis  for 
further  study.  In  this  case,  the  eyes 
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are  not  responsible  for  the  response. 

In  other  cases,  however,  insect  eyes 
are  the  photoreceptors  involved  in 
synchronizing  daily  rhythms.  Because 
many  susceptible  insects  enter  dia- 
pause in  a  stage  in  which  they  do  not 
have  eyes,  it  is  widely  believed  that 
the  receptor  molecules  for  the  dia- 
pause response  are  in  the  insect  brain 
itself  in  cells  that  may  be  responsible 
for  secretion  of  neurohormones.  An 
Agricultural  Research  Service  investi- 
gator, Robert  Befl,  found  that  the 
level  of  neurosecretory  material  in 
nerve  cells  from  the  heads  of  tobacco 
hornworms  exhibits  a  circadian 
rhythm  which  can  be  synchronized. 

Migration.  Some  insect  species  re- 
ceive their  cues  to  migrate  from  the 
changes  in  daylength  and  darkness 
that  occur  in  the  late  summer  and 
early  fall.  Migration  is  an  alternative 
to  diapause  and  a  well-known  case  is 
that  of  the  monarch  butterfly,  a  color- 
ful species  that  is  not  an  agricultural 
pest.  This  insect  flies  south  and 
spends  the  winter  in  the  mountains 
of  Mexico,  Guatemala,  and  Honduras. 
Probably  the  photoreception  occurs  in 
a  similar  manner  in  migrating  and  in 
diapausing  insects;  migration  is  an- 
other expression  of  environment-gene 
interaction. 

Changing  Rhythms  of  Live- 
stock Insects.  Insects  that  affect 
livestock  diapause,  as  do  insects  that 
affect  plants.  Of  particular  concern 
are  the  filth  flies,  the  house  fly,  stable 
fly,  horn  fly,  and  face  fly.  Maximum 
diapause  in  the  face  fly  adult  can  be 
obtained  when  it  is  exposed  to  tem- 
perature and  light-dark  cycles  similar 
to  those  occurring  naturally  in  the 
fall.  Because  the  face  fly  adult  is  at- 
tracted to  pyramidal  traps,  it  might  be 
possible  to  treat  the  surfaces  of  such 
traps  with  material  which  would  alter 
the  hormone  balance  in  the  face  fly 
so  that  diapause  would  be  prevented. 
Relatively  more  face  flies  are 
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Researcher  counts  face  flies  attracted  to  pyramidal  traps. 
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caught  in  these  traps  in  the  morning 
than  other  parts  of  the  day.  This  sug- 
gests that  there  is  a  circadian  rhythm 
in  the  activity  of  the  flies.  Alterna- 
tively, because  the  larval  or  maggot 
stage  of  this  insect  must  develop  in 
freshly  deposited  manure,  a  feed- 
through  or  feed  additive  compound 
which  interfered  with  development 
might  be  added  to  the  diet  of  the  cow 
or  formulated  as  a  bolus  which  could 
be  placed  in  the  rumen.  Such  a  prep- 
aration would  not  be  taken  up  by  the 
tissues  of  the  cow  or  found  in  the 
milk,  but  it  would  desynchronize  de- 
velopment of  the  larvae  in  the  man- 
ure pat  and  cause  death.  It  also  is 
possible  that  desynchronizing  the  de- 
velopmental process  would  reduce 
fertility  of  adults.  Hormone  activity 
rhythms  could  be  altered  as  well  in 
the  stable  fly  and  the  house  fly  by  in- 
troducing compounds,  which  affect 
rhythms  required  for  normal  develop- 
ment, into  the  water  or  food  of  young 
calves.  Calf-pen  bedding  is  an  excel- 
lent breeding  site  for  filth  flies;  such 
an  application  of  feed-through  tech- 
nology would  provide  a  means  to  alter 
expression  of  developmental 
processes. 

Shifting  Affects  Rhythms.  In- 
sect rhythms  can  be  manipulated  to 
produce  effects  other  than  interfer- 
ence with  the  diapause  response. 
When  coding  moth  larvae  and  pupae 
and  face  fly  adults  were  subjected  to 
shifts  simulating  repeated  movement 
across  6  or  12  hourly  time  zones 
(mimicking  repeated  trips  from  the 
United  States  to  England  or  to  Ja- 
pan), the  life  span  of  the  insect  was 
affected. 

The  differences  in  survival  depend 
upon  the  number  of  days  between 
shifts.  This  apparent  rhythm  in  sur- 
vival has  a  period  of  about  4  to  8 
days,  that  is,  a  "circaseptan"  or  7-day 
rhythm.  Shifts  every  2  or  9  days 
throughout  life  resulted  in  shorter  life 
spans  while  shifts  every  4  or  5  days 


resulted  in  survival  sometimes  greater 
than  that  of  unshifted  controls.  We 
observed  in  another  experiment  that 
in  unshifted  insects  that  are  dia- 
pause-bound, there  is  a  suggestion  of : 
a  5-day  rhythm,  with  lower  ecdysone 
levels  every  3,  8,  and  13  days.  With- 
out rigorous  mathematical  analyses, 
this  possible  ecdysone  rhythm  re- 
mains merely  a  speculation  and  a 
lead  for  future  studies. 

The  work  on  the  circaseptan  re- 
sponse of  the  face  fly  led  other  inves- 
tigators to  examine  other  species  of 
animals  and  plants.  Studies  on  phase 
shifting  in  species  as  diverse  as  the 
rat,  a  primitive  wingless  insect  (the 
springtail),  and  a  marine  alga  known 
as  Acetabularia,  showed  similar  in- 
creased or  decreased  life  spans  de- 
pending upon  the  shift  schedule 
used.  Since  we  cannot  turn  off  the 
sun,  we  cannot  study  insect  pest  pop- 
ulations in  the  field  exposed  to  many 
of  the  regimens  which  provide  such 
interesting  data  in  the  laboratory. 
Such  laboratory  manipulation  of  photo- 
period  techniques  can  be  useful  in 
fine-tuning  hormonal  responses,  par- 
ticularly as  our  technology  for  isolat- 
ing and  characterizing  biologically  ac- 
tive neurohormones  improves. 

These  studies  also  have  provided 
and  will  continue  to  provide  exciting 
leads  for  scientists  studying  animals 
and  humans  in  which  the  average  life 
span  is  considerably  longer  by 
months  or  years  than  the  40-80  days 
the  average  face  fly  or  codling  moth 
lives  in  the  laboratory. 

Thus,  tinkering  with  bioclocks  of 
insects  will  provide  information  that 
will  enable  us  to  improve  our  man- 
agement of  pest  populations  and  may 
also  point  the  way  to  improving  qual- 
ity of  life  for  human  beings. 
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insect  biochemistry,  Department  of 
Entomology,  Cornell  University, 
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fnsects  have  survived  for  millions  of 
years,  in  part  because  of  their  abil- 
ity to  produce  and  to  perceive  an 
amazing  variety  of  volatile  chemicals. 
These  chemicals  are  the  basis  of  ex- 
tremely efficient  communication  sys- 
tems for  sexual  attraction,  alarm  be- 
havior, trail-following  to  food  supply, 
host  finding,  egg  laying,  territorial 
displays,  raiding,  nest  mate  recogni- 
tion, marking,  and  the  mediation  of 
many  other  social  interactions. 

In  some  instances,  insects  may  key 
on  a  few  specific  chemicals  emitted 
by  their  host  plant — such  as  an  apple 
maggot  fly  being  attracted  to  certain 
short-chain  esters  from  among  the 
thousands  of  odors  present  in  an 
apple  orchard.  In  other  instances, 
they  may  produce  their  own  unique 
chemical  signals  to  provide  the  speci- 
ficity needed  for  efficient  communica- 
tion. In  either  case,  decoding  the 
communication  system  provides  us 
with  a  potential  means  of  manipulat- 
ing the  chemical  signals  for  monitor- 
ing and  controlling  insect  pest 
populations. 

Sex  Pheromones 

Much  of  the  research  on  insect 
chemical  signals  in  the  past  two  dec- 
ades has  been  centered  on  sex  phero- 
mones. The  term  pheromone  was 
coined  in  1959  from  the  Greek  pher- 


ein,  to  transfer,  and  horman,  to  ex- 
cite, to  refer  to  substances  emitted  by 
one  individual  and  eliciting  a  specific 
reaction  in  a  second  individual  of  the 
same  species.  Sex  pheromones,  then, 
include  the  chemicals  emitted  down- 
wind to  attract  individuals  of  the 
other  sex  or  aggregate  both  sexes  for 
mating.  By  1961  German  scientists 
had  shown  that  it  indeed  was  possible 
to  isolate  and  identify  the  sex  phero- 
mone used  by  the  commercial  silk- 
worm. Decoding  this  signal  took  over 
30  years  and  the  sacrifice  of  millions 
of  female  moths.  It,  nevertheless, 
gave  impetus  to  other  scientists  to 
attempt  the  decoding  of  sex  phero- 
mones used  by  pest  species. 

Chemical  Identifications 

Although  sex  pheromones  have  been 
found  to  exist  in  species  throughout 
the  animal  kingdom,  efforts  to  decode 
the  signals  were  concentrated  in  the 
Lepidoptera  (moths)  and  the  Coleop- 
tera  (beetles)  because  they  comprise 
the  majority  of  agricultural  pests. 
Chemists  at  first  extracted  thousands 
of  female  moths  to  identify  the  sex 
pheromone  components  because  of 
the  extremely  small  amounts  of  active 
material  in  the  oily  extracts.  The  re- 
sponding male's  antennae  are  so  sen- 
sitive and  sharply  attuned  to  their 
own  signals  that  the  female  only 
needs  to  produce  and  emit  less  than  a 
millionth  of  a  gram  of  pheromone  for 
long-distance  attraction. 

The  specificity  and  sensitivity  of 
these  antennal  olfactory  sensilla  pro- 
vided the  basis  for  an  excellent  tech- 
nique called  the  electroantennogram 
(EAG)  for  determining  the  active 
chemicals  of  a  certain  species  by  us- 
ing a  male's  antenna  of  that  species. 
This  technique,  coupled  with  ad- 
vances in  gas  chromatography  (GC), 
which  is  used  to  separate  mixtures 
such  as  crude  gland  extracts  into  in- 
dividual components,  allowed  chem- 
ists to  identify  the  pheromone  compo- 
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A  monitoring  trap  in  a  New  York  apple  orchard  is  checked  for  redbanded  leaf-roller 
moths. 


nents  of  many  of  the  major  pest 
species.  For  example,  by  1980  sex 
pheromones  were  identified  for  sev- 
eral hundred  moth  species. 

Decoding  of  the  chemical  signals 
went  through  stages:  a)  with  many 
species,  only  the  most  predominant 
component  was  identified;  b)  better 
GC  technology  allowed  chemists  to 
find  specific  ratios  of  geometrical  and 
positional  isomers  of  the  main  compo- 
nent; c)  sophisticated  syntheses  and 
analytical  tools  provided  the  means  to 
define  (  +  )  and  (  —  )  stereoisomers 
with  components  possessing  chiral 


centers;  and  d)  great  advances  in  col- 
umn technology  for  capillary  GC  al- 
lowed analysis  of  single  pheromone 
glands  to  determine  the  presence  of  a 
number  of  pheromone  components 
present  in  trace  quantities. 

Characterization  of  trace  compo- 
nents has  been  aided  greatly  by  the 
development  of  microtechniques  and 
new  computerized  instruments  inter- 
faced to  Fourier  transform  data  sys- 
tems. These  advances  have  been  im- 
portant because  it  has  become 
imperative  to  decode  the  entire  chem- 
ical signal. 
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Using  the  Decoded 
Message 

Monitoring.  Monitoring  the  pres- 
ence and  abundance  of  economically 
important  species  with  pheromone- 
baited  traps  has  become  a  major  tool 
in  pest  management  programs 
throughout  the  world.  Traps  emitting 
the  appropriate  chemical  blend  in  the 
correct  release  rate  can  be  effective 
and  specific  in  attracting  members  of 
the  responding  sex  of  that  particular 
species.  This  specificity  and  sensitiv- 
ity makes  these  traps  useful  in 

a)  timing  pesticide  applications  so 
that  they  are  used  only  when  the  pest 
is  present  and  in  sufficient  density  to 
cause  economically  defined  damage, 

b)  detecting  the  first  appearance  of 
adults  to  be  used  as  a  biological  fix  on 
the  seasonal  profile  of  moth  emerg- 
ence so  that,  in  conjunction  with 
thermal  accumulation  units,  the  data 
can  be  used  to  time  insecticide  appli- 
cations to  the  susceptibility  window 
that  occurs  after  egg  hatch  and  be- 
fore larval  entry  in  the  fruit,  and 

c)  detecting  the  presence  or  the 
spread  of  certain  quarantined  or  in- 
troduced insect  pests.  Government 
agencies  use  over  600,000  traps  a 
year  for  this  purpose,  for  example,  in 
detecting  new  infestations  of  the 
gypsy  moth  as  it  spreads  across  the 
States. 

The  economic  value  of  pheromone 
monitoring  was  calculated  recently 
for  a  California  red-scale  research 
project  that  ran  from  1966  to  1983. 
This  scale  is  a  major  pest  of  citrus, 
and  before  1971  growers  relied  on  re- 
peated labor-intensive  and  unreliable 
visual  inspections  of  orchards  for  de- 
termining the  need  for  pesticide  ap- 
plications. Although  the  scale  is  com- 
monly found  in  localized  pockets 
within  an  orchard,  the  entire  orchard 
normally  was  treated.  Inexpensive 
pheromone  traps  were  developed  that 
proved  to  be  accurate  in  monitoring 


the  insect's  presence  in  a  grove,  even 
at  low  infestation  levels.  The  use  of 
pheromone  traps  benefited  the  grow- 
ers through  savings  from  reduced 
hours  to  detect  red  scale  and  lower 
amounts  of  pesticides  used  for  control 
since  they  could  localize  control 
measures  to  "hot  spots."  A  calculation 
of  the  savings  for  growers  compared 
with  the  research  costs  for  the  pro- 
gram showed  a  savings  of  up  to  $16 
for  each  dollar  spent  on  the  research. 

Mass  Trapping.  Studies  have 
shown  that  pest  populations  can  be 
decreased  and  maintained  at  eco- 
nomic levels  by  using  large  numbers 
of  pheromone-baited  traps.  This  is  a 
costly  technique  because  of  the  num- 
ber of  traps  and  the  labor  needed  to 
service  them.  But  a  huge  mass  trap- 
ping project  in  Norway  and  Sweden 
for  the  spruce  bark  beetle  appears  to 
have  been  successful  in  averting  a 
catastrophic  pest  outbreak  and  in  re- 
ducing the  insect  numbers.  The  proj- 
ect used  over  a  million  pheromone- 
baited  traps  a  year  for  4  years  and  re- 
sulted in  beetle  captures  of  up  to  4 
billion  a  year. 

Mating  Disruptions.  This  tech- 
nique is  used  commercially  to  control 
pest  populations  with  sex  pheromone. 
Disruption  is  achieved  by  permeating 
the  area  under  treatment  with  a  small 
amount  of  synthetic  pheromone  to 
confuse  or  habituate  the  responding 
insects.  Commercial  formulations  for 
releasing  the  pheromone  compounds 
slowly  over  several  weeks  include  hol- 
low plastic  fibers,  laminated  plastic 
flakes,  and  microcapsules.  These  for- 
mulations are  applied  in  the  field  with 
appropriate  stickers  so  that  they  ad- 
here to  the  foliage.  With  some  moth 
species  the  responding  male  moths 
attempt  to  mate  with  the  individual 
fibers  or  flakes  in  the  field.  Because 
of  this  behavior,  a  small  amount  of  in- 
secticide added  to  the  sticker  was 
found  to  increase  the  effectiveness  of 
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the  pheromone  treatment. 

Direct  control  with  pheromones  has 
been  commercially  successful  where 
the  target  pest  is  the  only  significant 
one.  Also,  since  the  success  of  direct 
control  with  pheromones  depends  on 
reducing  mating  between  the  adult 
insects,  an  essential  part  of  the  con- 
trol program  is  to  reduce  the  influx  of 
mated  females  from  outside  the  con- 
trol area.  This  is  usually  done  by 
treating  large  areas  or  isolated  fields. 
All  three  formulations  have  been 
found  to  be  effective  in  keeping  down 
numbers  of  larvae  and  contain  infes- 
tations to  a  level  similar  to,  or  less 
than,  that  achieved  with  conventional 
insecticides. 

The  biggest  commercial  success  for 
the  mating  disruption  technique  has 
been  in  the  control  of  the  pink  boll- 
worm  on  cotton.  In  practice,  less  than 
a  handful  of  pheromone-filled  fibers 
are  broadcast  over  each  acre  of  cotton 
to  disrupt  the  mating  of  the  pink  boll- 
worm.  Hundreds  of  thousands  of 
acres  of  cotton  have  been  treated  with 
pheromone  for  pink  bollworm  control 
in  the  United  States,  Latin  America, 
Brazil,  India,  China,  and  Egypt  in  the 
past  6  years.  The  pink  bollworm  is  a 
key  cotton  insect  pest,  and  the  insec- 
ticide treatments  for  this  insect  in  late 
June  and  early  July  devastate  the  par- 
asites and  predators  that  are  needed 
to  control  other  pests  coming  in  Au- 
gust, such  as  the  bollworm,  bud- 
worm,  cotton  leafperforator,  and  spi- 
der mites.  By  using  pheromone 
control  instead  of  insecticide  in  the 
first  2  months,  beneficial  insects  are 
preserved  and  can  play  a  significant 
role  in  suppressing  the  other  pests. 
Commercial  success  has  been  ex- 
tended now  to  other  key  pest  species, 
such  as  the  tomato  pinworm  and  the 
artichoke  plume  moth. 

Novel  methods.  Further  uses  of 
pheromones  in  insect  control  are 
being  developed.  They  are  being  used 
in  combination  with  conventional  in- 


secticides to  attract  insects  to  certain 
treated  areas  or  to  raise  the  general 
activity  level  of  the  moths  to  increase 
the  effectiveness  of  the  applied  insec- 
ticide. In  development  are  methods  of 
encapsulating  pheromone  into  plastic 
strings  as  it  is  sprayed  from  the 
planes  to  avoid  problems  associated 
with  the  use  of  specialized  equipment 
needed  to  spray  out  fibers  or  flakes. 

The  Communication 
System 

The  decoded  signals  now  play  a  vital 
role  in  pest  management  systems  as 
described,  but  research  on  the  mating 
communication  system  may  lead  to 
new  methods  of  manipulating  pest 
species.  The  communication  system 
can  be  visualized  as  the  emitters  and 
receivers. 

The  emitter,  such  as  a  female  moth 
that  releases  a  sex  pheromone  blend 
to  attract  male  moths,  integrates  a 
number  of  physiological  and  bio- 
chemical processes  to  perform  this 
function. 

Biosynthetic  studies  have  revealed 
several  unique  enzymes  in  the  phero- 
mone gland  that  function  specifically 
to  produce  the  specific  pheromone 
compounds.  These  enzymes  are  pro- 
duced by  genes  that  eventually  can 
be  identified  and  possibly  inserted 
into  plant  material  so  that  the  plant 
itself  can  be  a  slow-release  source  of 
pheromone  for  mating  disruption. 

Physiological  studies  have  revealed 
that  the  biosynthetic  processes  and 
the  act  of  releasing  pheromone  at  a 
particular  hour  are  under  neural  and 
hormonal  controls.  Characterization 
of  these  controls  could  lead  to  antago- 
nists or  neuroactive  materials  that  in- 
hibit females  from  releasing 
pheromone. 

The  receiver,  such  as  a  male  moth 
that  is  attracted  over  long  distances  to 
a  female  moth,  also  must  integrate 
many  processes  to  perceive  a  specific 
blend  of  chemicals  and  carry  out  a 
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complex  behavioral  sequence  that  al- 
lows It  to  arrive  at  the  source  of  the 
odorous  plume.  Studies  on  the  effect 
of  various  neurotransmitters  and 
neuromodulators  have  shown  that 
odor  perception  and  response  period- 
icity is  greatly  influenced  by  several 
biogenic  amines.  Further  studies  on 
the  effect  of  agonists  (a  chemical 
substance  capable  of  combining  with 
a  nervous  receptor  and  initiating  a  re- 
action), antagonists  (a  chemical  that 
acts  within  the  body  to  block  its  nerv- 
ous receptor),  and  related  pharmacol- 
ogical agents  on  the  action  of  these 
biogenic  amines  could  lead  to  a  new 
way  of  "jamming  the  receiver"  and, 
thus,  a  new  approach  to  the  mating 
disruption  technique. 

The  manipulation  of  a  communica- 
tion system  that  is  as  basic  to  the  in- 
sect's survival  as  the  sex  pheromones 
requires  an  indepth  knowledge  of  the 
whole  communication  system,  from 
whole-body  behavior  to  the  molecular 
level. 
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The  Resistance  Problem 

Only  after  decades  of  pest  control 
remedies  and  problems  has  an  appre- 
ciation grown  of  the  threat  posed  by 
pesticide-resistant  pests  to  world  and 
U.S.  food  production.  Since  the  first 
case  of  resistance  to  lime  sulfur  in 
1908  in  San  Jose  scale  (an  insect  that 
sucks  plant  fluids),  428  species  of  ar- 
thropods (insects,  mites,  and  ticks) 
have  become  resistant  to  one  or  more 
pesticides  worldwide.  Of  that  number, 
268  are  agricultural  pests;  the  rest 
are  medical  or  nuisance  pests.  Resist- 
ance has  arisen  in  150  plant  patho- 
gens (fungi,  bacteria)  and  about  50 
weeds  to  herbicides.  Only  10  rodents 
or  plant-attacking  nematodes  have 
developed  resistant  populations. 

Multiple  and 
Cross-Resistance 

Multiple-  and  cross-resistance  to  pes- 
ticides among  pests  are  becoming 
more  common,  too.  Cross-resistance 
is  when  a  pest  develops  resistance  to 
one  compound,  but  also  shows  resist- 
ance to  another,  usually  related,  com- 
pound. Multiple-resistant  pests  toler- 
ate pesticides  from  many  classes  of 
compounds  with  diverse  modes  of 
action. 
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Certain  aphids  have  become  resistant  to  some  pesticides  (magnified  200  times). 
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An  example  is  with  the  fair-factor 
involved  in  DDT  resistant  which  also 
confers  resistance  to  the  recently  in- 
troduced synthetic  pyrethroid  (SP)  in- 
secticides. Resistance  of  several  pests 
to  SP's  has  been  reported  even 
though  their  use  has  been  limited. 

Many  pests  now  have  multiple- 
resistance  factors  in  their  genetic 
makeup.  Among  insects,  half  of  the 
428  species  are  resistant  to  2  or  more 
of  the  5  major  insecticide  groups,  and 
at  least  17  have  adapted  to  all  5.  The 
housefly,  green  peach  aphid,  beet 
army  worm,  diamondback  moth,  and 
twospotted  spider  mite  are  examples 
of  these  "super"  resistant  bugs.  Most 
recently,  strains  of  pests  resistant  to 
even  their  own  growth  hormones  and 
natural  pathogens  have  been  found. 

One  recent,  dramatic  case  of  multi- 
ple resistance  is  with  the  Colorado 
potato  beetle  in  Long  Island,  NY 
where  resistances  to  every  compound 
registered  for  use  on  potato  has  devel- 
oped. Up  to  10  sprays  per  year  of  al- 
dicarb  and  oxamyl  were  used  to  con- 
trol the  beetle  until  recently.  Use  of 
these  compounds  contaminated 
ground  water,  and  some  desperate 
farmers,  unable  to  use  any  conven- 
tional insecticide,  returned  to  standby 
pesticides  used  decades  ago.  Cases 
like  this  raise  the  question — is  the 
human  race  winning  the  battle 
against  these  adaptive  competitors? 


Research  on  Resistance 
Management 

Back  when  resistances  first  became 
common,  researchers  sought  to  under- 
stand the  genetics  and  biochemistry 
of  resistance  in  pests  to  circumvent  or 
diminish  their  impact  on  agricultural 
crops. 

After  many  failed  attempts,  a  cer- 
tain inevitability  syndrome  set  in — 
given  time,  resistance  would  eventu- 
ally develop  with  intense  selection. 
Many  believed  that  resistance  was  ir- 


reversible and  compounds  were  lost 
forever. 

More  recently,  and  in  association 
with  development  of  the  integrated 
pest  management  (IPM)  approach  to 
pest  control  which  has  gained  accept- 
ance worldwide,  better  understanding 
of  resistance  and  factors  influencing 
its  development  have  been  gained. 
Also,  new  measures  to  reduce  the  oc- 
currence of  resistance  have  been  re- 
searched and  are  being  implemented. 

Basic  research  to  identify  the  bio- 
logical, ecological,  and  operational 
(those  under  the  control  of  pest  man- 
agers) factors  influencing  resistance 
development  has  been  done  through 
both  experimental  and  modeling 
studies.  This  work  has  improved  under- 
standing of  how  the  complex  of  varia- 
bles influencing  resistance  interact  in 
a  resistance  episode. 

There  is  now  a  more  wide-ranging 
perspective  from  the  genetics  and 
biochemistry  of  resistance  at  the  cel- 
lular level  to  the  population  genetic  or 
ecological  levels.  For  example,  aware- 
ness has  grown  of  how  the  ecological 
setting  of  a  particular  agricultural  site 
(e.g.  the  type  of  surrounding  habitat 
and  sources  of  colonization  by  geneti- 
cally susceptible  organisms)  influ- 
ences the  extent  or  course  of  resist- 
ance development.  Improved 
understanding  of  resistance  has 
helped  identify  new  methods  and  bet- 
ter integrated  use  of  old  and  new 
methods  which  conserve  pesticides  as 
finite,  valuable  resources. 

Resistance  management  tactics  fall 
into  three  categories:  new  or  altered 
pesticide  products,  changing  pesticide 
use  patterns,  and  ecological  tactics. 

New  or  Altered  Pesticide 
Products.  Mixtures  or  multiple-site 
compounds  attacking  several  target 
sites  simultaneously  are  usually  more 
difficult  to  develop  resistance  to  by 
pests  than  are  single  genetic  target- 
site  compounds.  In  responding  to 
fungicide  resistance,  chemical 
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companies  often  use  mixtures  of 
chemicals.  Synergists  applied  with 
pesticides  may  reduce  resistance  de- 
velopment by  interfering  with  the  de- 
toxifying enzymes  that  allow  the  pest 
to  survive  pesticides. 

Researchers  have  identified  many 
new  chemical  agents  with  novel 
modes  of  action  and  properties  that 
lessen  the  likelihood  of  resistance. 
Pesticides  persisting  in  the  environ- 
ment for  short  times  and  tending  to 
act  on  only  limited  portions  of  a  pest's 
generation  and  specific  stages,  may 
slow  resistance.  By  limiting  exposure, 
the  pest's  full  array  of  potential  to  de- 
velop resistance  never  comes  into 
play. 

Other  innovative  compounds  may 
be  used  at  low  doses  that  selectively 
kill  plant-feeding  pests  rather  than  bi- 
ological control  agents.  These  place 
less  pressure  on  pests  to  develop  re- 
sistance. Similarly,  slow-acting  toxi- 
cants, which  allow  host-plant  resist- 
ance and  other  factors  to  take  their 
toll  on  pests,  reduce  selection  for 
resistance. 

Behavior-modifying  chemicals  that 
reduce  a  pest's  ability  to  locate  and 
attack  host  plants  are  additional  ex- 
amples of  insecticides  that  combine 
selectivity  and  a  broad-spectrum  pest 
activity  to  aid  in  resistance 
management. 

Changing  Pesticide-Use  Pat- 
terns. Often,  when  dosages  of  pesti- 
cides are  reduced,  fewer  pests  die,  so 
the  pressure  to  develop  resistance  is 
less.  Occasionally,  increases  in  dos- 
ages also  may  hinder  resistance 
buildup,  but  this  tactic  does  not  work 
unless  resistance  is  detected  at  low 
levels  and  knowledge  of  the  immigra- 
tion of  susceptible  organisms  is 
available. 

Rotation  of  compounds  with  differ- 
ent modes  of  action  in  sequence  may 
limit  resistance  to  pesticides  by  per- 
mitting pests  to  revert  to  susceptibil- 
ity while  alternate  chemicals  are 


being  used.  A  variation  of  this  ap- 
proach involves  alternating  "nega- 
tively correlated  cross-resistant  pesti- 
cides," where  resistance  to  one 
chemical  is  associated  with  decreased 
resistance  to  another  chemical,  and 
vice  versa. 

The  timing  and  placement  of  pesti- 
cides also  affect  resistance.  Applying 
pesticides  over  limited  areas  reduces 
the  proportion  of  the  pest  population 
exposed  and  thus  limits  resistance  by 
keeping  in  the  population  more  genes 
that  confer  susceptibility.  Treating  al- 
ternating generations  of  pests  allows 
for  more  reversion  to  susceptibility, 
because  of  reshuffling  of  genes  and 
immigration  of  nonresistant  pests  be- 
tween generations. 

Ecological  Tactics.  While  these 
methods  of  managing  resistance  have 
received  limited  study,  ecological  fac- 
tors are  major  determinants  of 
whether  resistance  will  occur  and 
how  severe  it  will  become. 

Recent  study  has  centered  on  the 
effects  of  immigration  on  the  evolu- 
tion of  resistance.  Under  most  condi- 
tions, high  rates  of  immigration  of 
susceptible  individuals  from  untreated 
areas  (refugia)  mean  that  genes  con- 
ferring resistance  in  treated  popula- 
tions are  flooded  out.  Susceptible  im- 
migrants can  be  attracted  into  an  area 
or  released  into  the  environment  in 
nondamaging  stages.  Also,  resident 
populations  in  treated  areas  can  be 
limited  by  applying  pesticides  inten- 
sively before  periods  of  immigration. 
If  such  immigration  of  pests  can  be 
tolerated,  these  may  be  effective 
approaches. 

Any  resistance-management  meas- 
ure may  stem  resistance  by  itself.  But 
multiple,  integrated  measures  as  part 
of  IPM  are  usually  needed  for  best  re- 
sults. Regular  and  frequent  monitor- 
ing also  is  essential  to  effective  man- 
agement. In  the  early  stages  of 
resistance  development,  the  key  is  to 
detect  resistance  at  low  levels  while 
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the  trend  can  still  be  reversed.  Later, 
monitoring  allows  users  to  switch  tac- 
tics in  response  to  observed  resistance 
levels,  especially  where  cross-resist- 
ance or  multiple  resistance  is  a 
problem. 

Cases  of  Resistance 
Management 

Several  recent  cases  of  resistance 
management  show  progress  in  limit- 
ing resistance  and  conserving  pesti- 
cide resources. 

In  Australia,  resistance  to  synthetic 
compounds  (pyrethroids)  by  the  cot- 
ton pest,  Heliothis  armigera  was  de- 
tected in  the  early  1980's.  By  careful 
monitoring  and  areawide  coordination 
of  limited  SP  use,  resistance  has  been 
held  in  check  and  effective  pest  con- 
trol obtained  with  chemical  products 
including  SP's.  Similar  programs  on 
cotton  in  the  United  States  are  rec- 
ommended on  a  preventative  basis  to 
minimize  the  possibility  for  resistance 
in  closely  related  species. 

Pear  psylla,  a  serious  pest  in  the 
United  States,  has  developed  resist- 


ance to  many  insecticides  of  all 
classes.  When  the  SP,  fenvalerate, 
was  proposed  for  use  in  the  Pacific 
Northwest  throughout  the  growing 
seasons,  preliminary  tests  showed 
that  the  insect  developed  resistance 
in  less  than  3  years.  But  where  the 
pyrethroid  was  used  only  in  early  sea- 
son and  an  alternative  compound 
(amitraz)  was  used  for  summer  con- 
trol, the  pest  has  been  effectively  con- 
trolled for  at  least  10  years. 

In  the  same  region,  use  of  natural 
enemies  to  help  control  spider  mites 
on  apples  has  appreciably  slowed  re- 
sistance buildup  to  organotin  acari- 
cides.  Resistance  to  these  chemicals 
developed  in  pears  and  strawberries 
in  the  absence  of  effective  biological 
controls,  and  additional  or  substitute 
compounds  were  required  on  these 
crops  for  effective  mite  control.  In 
contrast,  in  Washington  State,  inte- 
grated control  of  mites  is  widely  prac- 
ticed on  apples,  using  predators  and 
limited  chemical  application  (averag- 
ing one-half  to  one  annual  spray  per 
orchard).  There,  cyhexatin  has  re- 
mained effective  for  the  15  years  that 


Biological  and  operational  factors  which  influence  resistance 
development  to  insecticides  in  arthropod  pests. 


Biological 


Operational 


Genetic 

Frequency  of  R-gene(s) 
Number  of  R-gene(s) 
Dominance  of  R-gene(s) 
Fitness  of  R-gene(s) 

Biotic 

Generation  time 
Offspring/generation 
Mode  of  reproduction 

Ecological 

Dispersal  capabilities-mobility 

Host  specificity 

Refugia  within  treatment  area 


Avoid  cross-resistance 
Persistence  of  residues 
Dosage  applied-selection  level 
Life  stage  selected 
Treatment  threshold 
Alternation  of  generations  selected 
Space  limited  selection 
Rotation  of  different  compounds 
Mixtures  of  compounds 
IPM 
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the  chemical  has  been  marketed. 

In  Japan,  study  of  biochemical 
changes  in  resistant  insects  led  scien- 
tists to  develop  a  method  for  restoring 
the  effectiveness  of  carbamate  insec- 
ticides against  green  rice  hopper.  The 
key  was  discovering  a  detoxifying  en- 
zyme in  the  insect,  which  was  over- 
come by  adding  a  synergist.  In  addi- 
tion, by  using  the  organophosphate 
fungicide  Kitazin  P  to  control  the  dis- 
ease rice  blast,  Japanese  workers  also 
suppressed  organophosphate  resist- 
ance in  the  same  insect  because  the 
fungicide  inhibited  another  enzyme. 

Houseflies  on  Danish  farms  have 
become  resistant  to  virtually  every 
new  insecticide  since  the  1950's. 
Now,  through  strict  regulation  and 
monitoring,  prevention  of  widespread 
resistance  to  pyrethroids  has  oc- 
curred. In  1978  and  1979,  surveys  in- 
dicated that  resistance  was  occurring, 
and  would  reach  high  levels  since 
many  flies  were  carrying  resistance 
genes.  A  decision  was  made  against 
registering  residual  pyrethroids  for 
this  use. 

Continued  monitoring  indicates 
that  relatively  nonpersistent  pyre- 
throids plus  a  synergist  can  be  used 
for  several  seasons  if  applications  are 
not  too  frequent. 


Need  for  More  Research 

While  these  selected  cases  of  resist- 
ance management  are  encouraging, 
they  are  only  limited  victories  in  the 
fight  against  pesticide  resistance.  As 
pointed  out  in  a  recent  U.S.  National 
Academy  of  Sciences  study  on  pesti- 
cide resistance,  additional  research  on 
factors  influencing  resistance,  tactics 
of  resistance  management,  better 
monitoring  methods,  improved  resist- 
ance risk  assessment  and  changes  in 
policy  governing  pesticide  use  are 
needed  to  stem  the  tide  of  pest  con- 
trol failures  and  keep  ahead  of  the 
raging  wolf  of  pesticide  resistance. 
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Many  measures  of  health  status 
have  been  used  to  characterize 
a  population.  These  measures  include 
objective  criteria  such  as  growth,  life 
expectancy,  death  rates,  the  preva- 
lence and  incidence  of  specific  dis- 
eases and  the  prevalence  of  disability 
because  of  these  diseases,  the  ability 
of  people  to  perform  the  activities  of 
daily  living,  and  their  ability  to  per- 
form physical  exercise. 

They  also  include  subjective  crite- 
ria, of  which  the  most  useful  is  a  self- 
assessment  of  health  status.  Our  pop- 
ulation's health  status  is  related  to  its 
self-perceived  condition  of  wellness 
and  to  the  prevalence  of  certain 
chronic  diseases  which  detract  from 
functional  capacity,  increase  health 
care  costs,  and  reduce  life 
expectancy. 

Perhaps  the  most  important  ad- 
vance in  our  knowledge  of  human  be- 
havior in  the  last  25  years  has  been 
the  realization  that,  insofar  as  well- 
ness and  the  risk  of  chronic  disease 
are  concerned,  we  are  capable  of 
shaping  our  own  destiny.  Self-deter- 
mination of  health  status,  which  for 
any  individual  is  incomplete,  is 
achieved  by  positive  health  behaviors 
associated  with  disease  prevention. 
Such  behaviors  are  largely  deter- 
mined by  an  individual's  perception  of 
the  benefits  of  such  action. 


Wellness,  Exercise,  and 
Nutritional  Needs 

The  positive  behaviors  significantly 
related  to  health  promotion  include 
not  only  avoidance  of  social  poisons 
such  as  cigarettes  and  alcohol  in  ex- 
cess, avoidance  of  injury  from  our 
physical  and  chemical  environment, 
including  sunburn  and  exposure  to 
chemical  toxins  in  the  workplace,  but 
also  exercise  and  a  prudent  diet.  In- 
terest in  exercise  derives  from  the  as- 
sociation of  such  activity  with  desira- 
ble health  including  reduced  risk  of 
obesity,  hypertension,  heart  disease, 
and  diabetes.  The  retention  of  cal- 
cium in  bones  also  is  favorably  af- 
fected by  exercise,  and  exercise  may 
delay  the  onset,  or  reduce  the  sever- 
ity, of  age-related  bone  loss. 

National  health  organizations  that 
have  endorsed  the  public's  enthusi- 
asm for  exercise  include  the  Ameri- 
can Heart  Association,  the  American 
Medical  Association,  the  American 
Dietetic  Association,  and  the  Ameri- 
can Diabetes  Association. 

Influence  of  Exercise  on 
Nutritional  Needs 

While  recognizing  the  advantages  of 
regular  aerobic  exercise,  it  also  is 
necessary  to  understand  that  exercise 
performance  influences  nutritional 
needs.  Adequate  intake  of  water  to 
offset  sweat  losses  is  essential.  Then, 
as  the  amount  of  daily  exercise  in- 
creases, so  food-energy  requirements 
increase.  Protein  needs  are  not  much 
increased  by  athletic  training  or  by 
regular  exercise,  but  recent  evidence 
from  animal  studies  has  indicated 
that  endurance  exercise  may  have  a 
moderate  effect  on  protein 
requirements. 

Needs  for  certain  B  vitamins  grow 
with  increases  in  energy  expenditure. 
In  the  case  of  riboflavin,  studies  in 
young  women  have  shown  that  the 
1980  RDA  is  inadequate  and  that  ex- 
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ercise  increases  requirements, 
whether  or  not  body  weight  is  con- 
stant. There  is  no  evidence  that  the 
large  supplements  of  B  vitamins  ad- 
vocated for  athletes  improve  athletic 
performance. 

Mineral  and  trace  element  needs 
also  increase  with  exercise,  especially 
for  minerals  such  as  sodium  and 
trace  elements  such  as  copper  which 
are  lost  in  sweat.  Men  and  women 
engaging  in  mild  to  moderate  aerobic 
exercise  under  temperate  conditions, 
however,  do  not  require  salt  pills.  So- 
dium depletion  is  only  a  significant 
risk  when  heavy  exercise  is  under- 
taken in  hot  environmental  conditions 
or  when  the  individual  exercising 
either  is  on  a  sodium-restricted  diet  or 
is  taking  diuretics. 

While  many  clinical  vitamin  and 
mineral  deficiencies  are  associated 
with  decreased  physical  performance, 
nutritionists  reassure  us  that  the  nu- 
tritional needs  of  most  athletic  men 
and  women  can  be  met  by  modifica- 
tions of  the  usual  diet  to  meet  food- 
energy  and  nutrient  needs.  They  are 
currently  more  concerned  about  ath- 
letes taking  excessive  amounts  of  nu- 
trient supplements  or  other  health 
food  products  under  the  mistaken  ad- 
vice of  trainers,  friends,  or  sports 
magazine  writers. 

Diet  in  Preventing 
Cardiovascular  Disease 

Coronary  Heart  Disease.  Coro- 
nary heart  disease  is  associated  with 
increased  blood  cholesterol  values. 
Evidence  is  now  substantial,  however, 
that  coronary  heart  disease  incidence 
can  be  decreased  by  a  reduction  of 
blood  cholesterol.  While  this  was 
demonstrated  in  the  Lipid  Research 
Clinics  Primary  Prevention  Trial,  the 
reduction  in  cholesterol  was  because 
of  treatment  with  cholestyramine, 
which  is  a  cholesterol-lowering  drug. 
Epidemiological  evidence  also  indi- 


cates that  changes  in  the  U.S.  life 
style,  with  reduction  in  cholesterol 
and  saturated  fat  intake  as  well  as 
cessation  of  smoking,  have  lowered 
vascular  death  rates.  Further,  we 
know  that  countries  such  as  Japan, 
which  have  low  intakes  of  cholesterol 
and  fat,  have  lower  coronary  heart 
disease  mortality. 

Dietary  guidelines  aimed  at  reduc- 
ing the  risk  of  coronary  heart  disease 
emphasize  reduction  in  total  fat  in- 
take to  30  percent  of  calories,  reduc- 
tion of  saturated  fat  consumption  to 
account  for  about  10  percent  of  total 
energy  intake,  and  balancing  that 
with  10  percent  each  of  polyunsatur- 
ated and  monounsaturated  fats  and 
reduction  in  cholesterol  consumption 
to  about  300  milligrams  per  day. 

Hypertension.  A  large  number  of 
nutritional  factors  may  influence  car- 
diovascular physiology  and  may, 
therefore,  be  important  in  the  devel- 
opment or  prevention  of  hypertension. 
Evidence  from  descriptive  epidemio- 
logical studies,  which  has  been  con- 
firmed by  controlled  clinical  trials,  in- 
dicates that  excessive  food-energy 
intake  is  the  most  important  nutri- 
tional determinant  of  elevated  blood 
pressure.  Other  dietary  factors  which 
are  causal  determinants  of  hyperten- 
sion include  dietary  sodium  and  alco- 
hol excess.  While  it  has  been  sug- 
gested that  people  vary  in  their 
response  to  increases  in  dietary  so- 
dium, such  that  those  with  a  family 
history  of  hypertension  are  more  sus- 
ceptible, recent  studies  refute  this 
hypothesis. 

In  preventing  as  well  as  controlling 
hypertension,  it  is  important  to  re- 
member that  dietary  sodium  is  largely 
derived  from  sodium  chloride  in 
foods,  drinking  water,  and  also  in 
both  prescription  and  over-the- 
counter  drugs.  In  addition,  other  so- 
dium salts  are  used  as  intentional 
food  additives  including  sodium  bicar- 
bonate, sodium  benzoate,  sodium  ni- 
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Physiologist  (background)  monitors  treadmill  exercises  while  lab  technician  records 
body  fat  content  of  a  volunteer  in  a  water  displacement  tank. 


trate  and  nitrite,  and  monosodium 
glutamate.  The  Food  and  Nutrition 
Board  of  the  National  Academy  of 
Sciences  has  recommended  that  in- 
take of  salt  should  be  in  the  range  of 
3—8  grams  a  day. 

Defective  calcium  metabolism  in 
the  smooth  muscle  cells  has  been 
suggested  as  a  mechanism  for  the  de- 
velopment of  hypertension.  But  these 
changes  may  be  a  consequence 
rather  than  a  cause  of  hypertension. 

Epidemiological  Studies 
of  Diet  and  Cancer 

Several  lines  of  scientific  evidence  in- 
dicate that  diet  plays  an  important 


role  in  human  cancer  development. 
The  major  and  potential  roles  which 
have  been  identified  are  as  follows: 

•  Carcinogens  may  be  present  in 
food,  either  as  natural  food  toxins, 
substances  formed  in  food  as  a  re- 
sult of  food  processing  or  food 
preparation,  intentional  food  addi- 
tives, or  food  contaminants. 

•  Carcinogenesis  may  be  produced  in 
the  body,  for  example,  in  the  stom- 
ach or  intestine  from  food 
constituents. 

•  Protein-energy  malnutrition  or  spe- 
cific vitamin  or  mineral  deficiencies 
may  retard  or  promote  tumor 
formation. 

•  Dietary  excesses  of  food  energy, 
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fat,  or  protein  may  promote  tumor 

formation. 
•  Specific  nutrients  or  non-nutrient 

components  of  food  may  provide 

protection  against  cancer 

development. 

Examples  of  carcinogens  present  in 
food  include  aflatoxin,  polycyclic  hy- 
drocarbons, and  nitrosamines.  Nitro- 
samines  also  may  be  formed  in  the 
body  from  nitrates  ingested  in  vegeta- 
bles or  in  meats  preserved  with  ni- 
trate or  nitrite.  High  fat  diets  have 
been  linked  to  several  common  can- 
cers, including  breast  and  colon  can- 
cer. Cancer  of  the  mouth,  throat,  and 
esophagus  have  been  linked  to  alco- 
hol abuse. 

However,  dietary  fiber,  vegetables 
like  cabbage  and  broccoli,  vitamin  A, 
beta-carotene,  vitamin  C,  and  selen- 
ium have  been  shown  to  exert  a  pro- 
tective effect  against  cancer,  at  least 
in  experimental  animals. 

Interest  in  the  relationship  between 
diet  and  cancer  has  been  stimulated 
by  international  studies  showing  that 
large  differences  exist  in  cancer  inci- 
dence between  and  within  countries. 
Strong  correlations  have  been  found 
between  dietary  factors  and  cancer 
incidence,  but  to  support  a  causal  re- 
lationship either  between  specific  die- 
tary factors  and  cancer  development 
or  prevention,  it  has  been  recom- 
mended that  double-blind  nutritional 
intervention  trials  be  carried  out.  In 
these  trials,  it  will  be  necessary  to  ob- 
tain an  end-point  when  it  is  apparent 
that  the  imposed  dietary  change  or 
nutrient  supplement  has  or  has  not 
altered  the  incidence  of  particular 
cancers. 

Cancers  of  specific  sites  have  been 
linked  to  particular  dietary  character- 
istics. For  example,  there  is  a  high 
correlation  between  the  level  of  die- 
tary fat  and  the  incidence  of  colon 
and  breast  cancer,  as  well  as  a  strong 
correlation  between  death  from  ovar- 
ian and  prostatic  cancer  and  fat  in- 
take. On  the  other  hand,  gastric  can- 


cer is  associated  with  intake  of  a  low 
fat  diet. 

Knowledge  of  these  site-specific 
differences  in  dietary  factors  that  af- 
fect cancer  has  provoked  skepticism 
in  the  United  Kingdom  about  the 
wisdom  of  making  dietary  recommen- 
dations. Indeed,  one  author,  M.  J. 
Hill,  after  discussing  this  issue,  com- 
mented "...  there  are  at  present  no 
grounds  for  making  recommenda- 
tions, on  the  basis  of  a  supposed  role 
in  carcinogenesis,  designed  to  per- 
suade us  to  give  up  or  modify  the  diet 
we  like  or  have  freely  chosen."1 

This  viewpoint  is  in  strong  contrast 
to  the  U.S.  recommendations  of  the 
Committee  on  Diet,  Nutrition  and 
Cancer  who  in  their  1982  report,  pro- 
posed that  both  saturated  and  unsatu- 
rated fat  intake  should  be  reduced  to 
approximately  30  percent  of  total  cal- 
ories to  lower  the  risk  of  fat-related 
cancers. 

Since  there  is  already  good  evi- 
dence that  such  diet  modification 
would  reduce  the  risk  of  heart  disease 
and  may  decrease  the  risk  of  colon 
and  breast  cancer,  implementation  of 
this  guideline  on  a  national  scale  ap- 
pears to  be  justified.  Whether  or  not 
such  intervention  has  the  desired  ef- 
fect on  cancer  incidence  can  only  be 
discovered  by  longitudinal  studies  of 
cancer  incidence  and  deaths. 


Re&xamination  of 
Ob&sity  as  Health 
Problem 

In  the  past  5  years,  evidence  that 
obesity  is  the  Number  One  health 
problem  in  the  United  States  has 
been  reexamined.  The  questions 
being  asked  are  to  what  extent  obes- 
ity confers  a  health  disability  and  to 
what  extent  it  contributes  to  the  etiol 


'Hill,  M.J.,  Dietary  fat  and  human  cancer, 
Proc.  Nutr.  Soc.  40:15-19,  1981. 
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ogy  of  life-threatening  chronic 
disease. 

Obesity  is  a  risk  factor  for  coronary 
heart  disease  and  is  causually  related 
to  the  development  of  diabetes  and 
hypertension.  Further,  severe  obesity 
is  in  itself  a  threat  to  life.  On  the 
other  hand,  thinness  is  associated 
with  a  heightened  risk  of  early  death 
in  such  diseases  as  tuberculosis  and 
cancer. 

Recommended  weight  ranges  have 
been  provided  for  the  United  States 
for  over  40  years  by  the  Metropolitan 
Life  Insurance  Company's  Ideal 
Weight  Tables.  These  tables,  based  on 
actuarial  mortality  data,  give  ranges 
of  body  weight  for  men  and  women  of 
different  heights  and  body  frame 
sizes  which,  in  the  company's  insured 
population,  were  associated  with  the 
lowest  mortality.  In  the  past,  age  has 
not  always  been  considered  a  variable 
in  making  these  national  weight 
guidelines.  More  recent  epidemiologi- 
cal studies  indicate  that,  while  for 
younger  people,  minimal  mortality  is 
associated  with  leanness,  for  older 
men  and  women  minimal  mortality  is 
associated  with  somewhat  higher 
weights.  For  the  elderly,  it  is  as  yet 
difficult  to  make  recommendations 
because  of  insufficient  data. 

Therefore,  it  has  been  proposed 
that  new  recommended  weight  tables 
should  be  made  for  healthy  people 
and  that  those  who  either  have  a 
familial  predisposition  to  one  of  the 
chronic  diseases  for  which  the  risk  is 
increased  by  obesity,  or  who  have  one 
or  another  of  these  diseases,  should 
have  their  weight  goals  set  by  estab- 
lished medical  guidelines. 

Diabetes 

Diabetes  is  classified  into  several 
types  and  subtypes  which  have  differ- 
ent causal  factors.  The  occurrence  of 
the  two  major  types  of  diabetes  are 
more  common  in  families  with  a  his- 
tory of  these  diseases.  Type  I  (insulin- 


dependent)  diabetes  is  now  believed 
to  be  the  result  of  virus-induced  de- 
struction of  the  beta  cells  of  the  pan- 
creas which  produce  insulin.  On  the 
other  hand,  in  Type  II  (insulin-inde- 
pendent) diabetes,  the  tissues  have  a 
decreased  sensitivity  to  insulin  mainly 
as  a  result  of  obesity. 

In  diabetes  of  both  types,  there  is  a 
high  risk  of  vascular  disease,  and  in 
Type  II  diabetes,  coronary  heart  dis- 
ease and  other  manifestations  of  ar- 
teriosclerosis are  common.  Because  of 
the  fact  that  obesity  is  a  strong  risk 
factor  for  Type  II  diabetes,  and  be- 
cause of  the  heightened  risk  of  heart 
disease  as  a  complication  of  Type  II 
diabetes,  those  with  this  disease  are 
recommended  to  keep  their  weight  at 
or  slightly  below  ideal  body  weight  for 
their  age  and  sex,  and  to  consume  a 
diet  that  does  not  contain  more  than 
30  percent  of  calories  as  fat.  Other 
recommendations  are  to  restrict  their 
intake  of  simple  sugars,  but  to  have  a 
liberal  intake  of  complex  carbohydrate 
foods  including  fruits  and  vegetables 
containing  fiber  sources  which  de- 
crease the  rate  of  glucose  absorption. 

Nutritional  priorities  for  diabetics 
should  both  reflect  those  of  the  popu- 
lation at  large  and  should  also  incor- 
porate the  goals  of  current  diabetes 
management.  These  priorities  can  be 
summarized  as  follows: 

1.  Attainment  of  desirable  body 
weight; 

2.  Adequate  intake  of  all  essential 
nutrients; 

3.  Maintenance  of  normal  blood  glu- 
cose levels; 

4.  Reduction  in  blood  lipid  levels  to 
normal  values;  and 

5.  Consistency  in  daily  food-energy 
intake. 

In  addition,  Type  I  diabetics  need 
to  space  their  food-energy  and  carbo- 
hydrate intake  during  the  day  and  to 
avoid  hypoglycemia  after  insulin  in- 
jection or  as  a  consequence  of 
exercise. 
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Osteoporosis  and 
Calcium  Intake 

Loss  of  mass  and  bone  mineral, 
which  occurs  with  aging,  is  termed 
osteoporosis.  Osteoporosis  is  more  se- 
vere in  postmenopausal  women  than 
in  men  of  comparable  age,  more  se- 
vere in  Whites  than  in  Blacks,  and 
more  severe  in  small-boned  than  in 
large-boned  individuals.  It  is  also  ex- 
acerbated by  lack  of  exercise.  Epide- 
miological evidence  as  well  as  human 
metabolic  studies  indicate  that  the 
level  of  calcium  intake  may  influence 
the  extent  of  osteoporosis. 

Osteoporosis  is  the  underlying 
cause  of  hip  and  vertebral  fractures  of 
the  elderly.  Because  a  high  calcium 
intake  may  retard  osteoporosis'  prog- 
ress and  because  of  the  high  hospital 
expenses  of  people  with  fractures,  it 
has  been  recommended  that  post- 
menopausal women  increase  their 
daily  intake  of  calcium  from  the  level 
of  the  1980  RDA,  which  is  800  milli- 
grams a  day,  to  1.5  grams  a  day.  High 
intakes  of  calcium  also  have  been 
justified  by  the  fact  that  the  effi- 
ciency of  calcium  absorption  is  less- 
ened with  age. 

While  an  increase  in  dietary  cal- 
cium intake  is  being  advised  by  many 
physicians,  it  is  difficult  to  achieve  a 
daily  intake  of  1.5  grams  a  day,  un- 
less the  calcium  is  supplied,  in  part, 
by  intake  of  a  mineral  supplement. 
Calcium  carbonate  is  the  preferred 
form  because  of  its  low  cost.  It  has 
been  shown,  however,  that  the  ab- 
sorption of  calcium  carbonate  is  im- 
paired in  individuals  with  loss  of  ca- 
pacity for  gastric  acid  secretion. 
Reduced  gastric  acid  secretion  occurs 
in  10  to  30  percent  of  all  elderly  peo- 
ple, and  therefore  it  is  questionable 
whether  calcium  carbonate  is  an  ap- 
propriate form  of  calcium  for  the 
management  of  osteoporosis.  Another 
potential  disadvantage  of  this  form  of 
calcium  is  that  it  is  an  antacid  and 


may  reduce  the  absorption  of  other 
nutrients  such  as  iron  and  folic  acid. 

Lifestyle  Modification 

Recommendations  for  health  promo- 
tion and  disease  prevention  require 
modification  of  our  lifestyle  so  that  we 
become  less  sedentary  and  modifica- 
tion of  our  diets  so  that  we  avoid  ca- 
loric and  nutrient  excess.  While  we 
can  make  no  claim  at  the  present 
time  that  we  can  avoid  chronic  dis- 
eases such  as  heart  disease,  cancer, 
diabetes,  or  osteoporosis  by  diet  alone, 
the  risk  and  prognosis  of  these  dis- 
eases may  be  ameliorated  by  follow- 
ing dietary  guidelines.  But  it  is  impor- 
tant to  avoid  recommending  changes 
in  the  U.S.  diet  or  levels  of  intake  of 
particular  nutrients  which  could  have 
adverse  nutritional  effects. 
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Diets  of 
Americans: 
How  Good  Are 
They? 

Betty  B.  Peterkin,  acting 
administrator,  Human  Nutrition 
Information  Service 

National  surveys  track  the  dietary 
behavior  of  Americans,  telling  us 
what  foods  people  eat  and  how  well 
their  diets  conform  to  some  of  the  Di- 
etary Guidelines  for  Americans. 
(These  guidelines  are  discussed  in 
detail  in  the  next  article.)  And  they 
tell  us  how  diets  change  over  time 
between  surveys. 

From  two  U.S.  Department  of  Agri- 
culture (USDA)  surveys— the  Contin- 
uing Survey  of  Food  Intakes  by  Indi- 
viduals, 1985  and  the  Nationwide 
Food  Consumption  Survey,  1977- 
78 — diets  of  more  than  1,500  women 
19  to  50  years  of  age  in  1985  were 
compared  with  diets  of  an  equivalent 
group  of  women  in  1977.  Diets  com- 
pared were  for  one  day  in  the  spring 
of  1985  and  one  day  in  the  spring  of 
1977.  In  personal  interviews,  women 
in  nationally  representative  samples 
were  asked  to  recall  food  eaten  on  the 
previous  day  using  similar,  but  not 
identical  questions.1 

This  comparison  of  diets  in  1985 
and  1977  shows  how  food  and  nu- 
trient intakes  changed  during  a  pe- 
riod of  high  public  awareness  and 
concern  about  diet  and  health.  It 
shows  change  since  the  presentation 
of  Federal  dietary  goals  in  1977  and 
dietary  guidelines  in  1980.  Changes 


1  For  more  information,  see  Continuing 
Survey  of  Food  Intakes  by  individuals: 
NFCS,  CSFII  Report  No.  85-1,  Human 
Nutrition  Information  Service,  USDA, 
November  1985. 


are  not  necessarily  a  result  of  in- 
creased knowledge  and  concern  about 
diet.  Socioeconomic  and  other  factors 
also  affect  food  selections.  For  exam- 
ple, women  in  1985,  on  average,  may 
have  been  more  pressed  for  time. 
Compared  to  1977,  the  women  sur- 
veyed in  1985  were  more  likely  to  be 
employed  full  time  or  part  time  (60 
versus  52  percent). 

Food  Selection 

Food  selections  by  women  in  1985 
and  1977  were  alike  in  many  ways. 
Most  women  in  both  years  had  some 
food  from  four  major  food  groups  on 
the  day  reported.  About  90  percent 
had  one  or  more  vegetables  or  fruits; 
one  or  more  grain  products;  and  one 
or  more  meat,  poultry,  or  fish  items. 
Only  about  75  percent  selected  milk 
or  a  milk  product  in  both  1985  and 
1977. 

Some  rather  dramatic  differences  in 
women's  diets,  however,  are  indicated 
by  results  from  the  two  surveys,  only 
some  of  which  may  be  attributed  to 
women's  changing  perceptions  of 
"what's  good  for  you." 

Move  to  Mixtures.  Women  re- 
ported eating  more  food  as  mixtures 
of  two  or  more  ingredients  in  1985 
than  in  1977.  For  example,  the 
amount  of  meat  mixtures,  such  as 
stews,  casseroles,  sandwiches  (in- 
cluding hamburgers),  and  frozen  din- 
ners was  up  by  one-third.  Grain  mix- 
tures, which  include  items  such  as 
pizza,  spaghetti  with  sauce,  and  mac- 
aroni and  cheese,  were  up  over  two- 
thirds.  Milk  in  the  form  of  milk  prod- 
ucts such  as  cheese  and  milk  desserts 
was  up  one-sixth.  These  mixtures 
may  have  been  commercially  pre- 
pared, made  at  home,  or  prepared 
away  from  home  in  a  restaurant  or 
other  food  establishment. 

Where's  the  Meat?  As  women 
shifted  toward  mixtures  with  some 
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meat  in  them,  they  shifted  away  from 
eating  meat  separately.  The  average 
amount  of  beef  eaten  separately  in 
1985  was  45  percent  lower  than  in 
1977,  and  pork  eaten  separately  was 
22  percent  lower  than  in  1977.  These 
lower  intakes  in  1985  may  be  partly 
made  up  by  the  greater  use  of  beef 
and  pork  in  mixtures.  Poultry  intakes 
were  about  the  same  in  the  2  years 
while  intakes  of  fish  and  shellfish,  al- 
though relatively  small,  were  a  little 
higher  in  1985.  Like  meat,  actual  in- 
takes of  poultry  and  fish  would  proba- 
bly be  increased  somewhat  if 
amounts  in  mixtures  were  added. 

On  the  day  studied  in  1985,  the 
category  within  the  meat,  poultry, 
and  fish  group  reported  by  the  high- 
est percentage  of  women  was  meat 
mixtures  (37  percent).  Next  highest 
was  frankfurters,  sausages,  and 
luncheon  meats  (25  percent),  al- 
though the  amounts  reported  were 
relatively  small.  Then  came  those 
groups  of  items  that  were  eaten  sepa- 
rately: beef  (23  percent),  pork  (20 
percent),  poultry  (19  percent),  and 
fish  and  shellfish  (12  percent).  Per- 
centages choosing  beef  and  pork  sep- 
arately were  down  from  35  percent 
and  24  percent  in  1977. 

Foods  sometimes  used  in  place  of 
meat  at  meals — such  as  legumes, 
nuts  and  seeds,  and  cheese — were  re- 
ported by  more  women  in  1985,  but 
average  intakes  were  only  a  little 
higher  than  in  1977.  Average  intake 
of  eggs  in  1985  was  down  over  one- 
fourth  from  1977. 

Grain  Products  Gam.  Women 
chose  more  grain  products,  on  aver- 
age, in  1985  than  in  1977.  Categories 
of  these  products  showing  the  great- 
est intake  gain  were  grain  mixtures 
(up  72  percent)  and  cereals  and  pas- 
tas (up  25  percent).  On  the  day  stud- 
ied in  1985,  the  most  women  (70  per- 
cent) selected  yeast  bread  and  rolls, 
followed  by  other  baked  goods  (53 
percent).  Cereals  and  pastas  were  re- 


ported by  32  percent  and  grain  mix- 
tures by  26  percent. 

Milk  Choices  Change.  The 

amount  of  milk  women  consumed  as 
milk  and  in  milk  products  and  the 
percentage  of  women  having  milk  in 
some  form  during  the  day  were  about 
the  same  in  the  2  years.  The  form  of 
milk  consumed,  however,  changed — 
average  intake  of  lowfat  and  skim 
milk  was  60  percent  higher  and  in- 
take of  whole  milk  35  percent  lower 
in  1985  than  in  1977.  In  1985,  51 
percent  of  the  women  chose  fluid 
milk,  with  about  one-half  choosing 
whole  milk  and  the  other  half  choos- 
ing lowfat  or  skim  milk.  Next  in  pop- 
ularity was  cheese  (34  percent), 
cream  and  milk  desserts  (25  percent), 
and  yogurt  (4  percent). 

Ho  Gains  in  Vegetables, 
Fruits.  Intakes  of  vegetables  and  of 
fruits  were  about  the  same  in  1985  as 
in  1977.  In  1985,  83  percent  of  the 
women  chose  at  least  one  vegetable, 
with  44  percent  choosing  white  pota- 
toes and  29  percent  choosing  toma- 
toes. Only  47  percent  chose  one  or 
more  fruits,  with  25  percent  choosing 
citrus  fruits  and  juices. 

Beverage  Intakes  Up.  Women's 
average  intakes  of  carbonated  soft 
drinks,  of  fruit  drinks  and  ades,  and 
of  alcoholic  beverages  were  about  50 
percent  higher  in  1985  than  in  1977. 
Coffee  and  tea  showed  no  change. 
The  percentage  of  women  choosing 
carbonated  soft  drinks  increased  from 
42  to  54  percent,  equaling  coffee  in 
popularity.  Regular  soft  drinks  re- 
mained the  favorite  with  36  percent 
selecting  them  in  1985,  while  20  per- 
cent had  low-calorie  types — double 
the  percent  in  1977. 

Nutrient  Intakes 

Shifts  in  intakes  of  various  foods,  by 
themselves,  are  neither  good  nor  bad. 
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Only  the  diet,  as  a  whole,  can  be  as- 
sessed for  nutritional  quality.  Wom- 
en's diets  were  assessed  with  respect 
to  their  content  of  28  nutrients.  To  do 
this,  the  nutrient  intake  from  those 
foods  women  reported  eating  was  es- 
timated using  information  on  the  nu- 
trient content  of  foods  developed  by 
USDA  for  assessing  survey  data  in 
1977  and  in  1985.  Then  the  nutrient 
intakes  were  compared  to  the  Recom- 
mended Dietary  Allowances  (RDA) 
for  women  for  the  15  nutrients  for 
which  RDA  have  been  set. 

RDA  are  amounts  of  nutrients  con- 
sidered to  be  adequate  to  meet  known 
nutritional  needs  of  practically  all 
healthy  persons.  To  be  safe,  the  RDA 
are  set  above  needs  of  most  people  so 
intakes  below  the  RDA  are  not  neces- 
sarily inadequate.  The  risk  of  having 
an  inadequate  intake,  however,  is 
greater  for  people  with  intakes  well 
below  RDA. 

Vitamin  and  Mineral  Intakes 
Improve  Slightly.  Average  nu- 
trient intakes  by  women  in  1985  were 
above  the  RDA  for  8  nutrients:  pro- 
tein, 6  vitamins  (A,  thiamin,  ribo- 
flavin, niacin,  B12,  and  C),  and  1  min- 
eral (phosphorus).  Intakes  were 
below  the  RDA  for  7  nutrients:  3  vita- 
mins (B6,  folacin,  and  E)  and  4  min- 
erals (calcium,  iron,  magnesium,  and 
zinc).  Average  levels  were  51  to  78 
percent  of  RDA  for  these  nutrients, 
except  for  vitamin  E,  which  averaged 
97  percent  of  RDA.  Average  intakes  of 
vitamin  B6,  folacin,  calcium,  iron, 
magnesium,  and  zinc  were  below 
RDA  for  women  sorted  by  income, 
race,  region,  or  urbanization. 

Compared  with  1977,  intakes  in 
1985  were  as  high  or  higher  for  food 
energy,  protein,  and  all  vitamins  and 
minerals  studied.  Of  the  nutrients  be- 
low the  RDA,  calcium  showed  the 
greatest  gain — from  69  percent  of 
RDA  in  1977  to  78  percent  in  1985. 
Gains  in  calcium  intakes  were  appar- 
ent for  women  with  high,  but  not  low 


incomes,  and  for  white,  but  not  black, 
women. 

Fat  Down,  Carbohydrate  Up. 

Most  calories  come  from  fat,  carbohy- 
drate, and  protein  in  diets.  Women's 
intakes  in  1985  were  lower  in  fat  and 
higher  in  carbohydrate,  both  in  aver- 
age grams  of  fat  and  carbohydrate 
and  expressed  as  a  percentage  of  total 
calorie  intake  than  intakes  in  1977. 
In  1985  the  average  fat  intake  in 
grams  was  5  percent  lower  and  the 
carbohydrate  intake  20  percent 
higher  than  in  1977.  Protein  intake 
was  about  the  same.  In  1985  fat  in 
women's  diets  provided  37  percent  of 
total  calories — down  from  41  percent 
in  1977.  Carbohydrate  provided  46 
percent  of  calories  in  1985 — up  from 
41  percent  in  1977.  Awareness  that 
lower  fat  diets  are  desirable  and  some 
increased  questioning  by  interviewers 
to  get  more  precise  information  about 
fat  in  the  1985  survey  may  have  in- 
fluenced the  results  somewhat  toward 
lower  fat  diets. 

Dietary  Fiber  Intakes  Esti- 
mated. Dietary  fiber  intakes,  esti- 
mated only  in  1985,  are  considered 
tentative  because  of  limited  informa- 
tion on  the  amount  of  dietary  fiber  in 
foods.  Women's  average  intakes  were 
12  grams  a  day.  Intakes  were  slightly 
higher  for  women  in  high-  rather 
than  in  low-income  households  and 
for  white  rather  than  black  women. 

Sodium.  Sodium  in  diets  is  difficult 
to  assess.  The  sodium  content  of 
many  commercially  prepared  foods  is 
not  available.  Also,  women  surveyed 
often  do  not  know  how  much  salt  and 
other  sodium-containing  products 
they  use  in  preparing  foods  and  at  the 
table.  Excluding  sodium  added  at  the 
table,  intakes  in  1985  were  estimated 
at  2,600  milligrams  a  day.  The  RDA 
safe  and  adequate  range  for  adults  is 
1,100  to  3,300. 
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Eating  Practices 

The  frequency  with  which  women 
ate,  snacked,  and  ate  away  from 
home  changed  between  1977  and 
1985.  Women  ate  more  often  in  1985 
than  in  1977 — four  times  a  day  was 
most  frequently  reported  in  1985  and 
three  times  a  day  in  1977.  In  1985, 
38  percent  ate  five  or  more  times  as 
compared  to  24  percent  in  1977. 

Snacks  were  reported  by  76  percent 
of  the  women  in  1985  but  only  by  60 
percent  in  1977.  In  1985,  snacks  con- 
tributed 16  percent  of  total  calories 
with  carbohydrate  providing  more  and 
fat  and  protein  providing  less  of  these 
calories.  They  contributed  10  to  15 
percent  of  the  day's  intakes  of  vita- 
mins and  minerals.  Snacks  contrib- 
uted 15  percent  of  total  intakes  of  cal- 
cium and  magnesium — nutrients  that 
were  below  recommended  levels  in 
these  women's  diets. 

In  1985,  57  percent  of  the  women 
obtained  and  ate  some  food  away 
from  home,  but  only  45  percent  in 
1977.  In  1985,  food  away  from  home 
contributed  28  percent  of  total  calo- 
ries and  about  the  same  proportions 
of  protein,  fat,  carbohydrate,  and  of 
most  vitamins  and  minerals.  On  the 
whole,  the  food  women  ate  away  from 
home  was  of  about  the  same  nutri- 
tional quality  as  food  they  ate  at 
home. 

Vitamin  and  Mineral 
Supplements 

The  1985  and  1977  surveys  assess 
diets  in  terms  of  nutrients  contributed 
only  by  food.  But  information  ob- 
tained on  vitamin  and  mineral  sup- 
plements indicated  that  usage  in 
1985  was  up  substantially  from  1977. 
In  1985,  58  percent  of  the  women 
took  a  vitamin  or  mineral  supplement, 
or  both,  either  regularly  or  occasion- 
ally, compared  with  39  percent  in 
1977.  It  appears  that  more  women  in 
1985  than  in  1977  were  concerned 


that  the  foods  they  selected  were  not 
providing  enough  nutrients — a  con- 
cern not  supported  by  their  reported 
intakes. 

Women's  Diets  and  the 
Dietary  Guidelines 

Some  of  the  shifts  in  dietary  behavior 
between  1977  and  1985  may  reflect 
attempts  to  modify  diets  in  ways  cer- 
tain guidelines  suggest.  Assessments 
indicate  the  continuing  need  for 
change  to  improve  diets. 

The  Dietary  Guidelines  recommend 
that  people: 

•  Eat  a  variety  of  foods.  The  variety 
of  foods  women  selected  in  1985 
did  not  provide  recommended 
amounts  of  several  nutrients.  Al- 
though diets  were  no  worse  in  this 
regard  than  in  1977,  little  improve- 
ment was  noted. 

•  Avoid  too  much  fat.  The  amount  of 
fat  in  women's  diets  in  1985  was  5 
percent  lower  than  in  1977.  The 
percent  of  calories  from  fat  de- 
clined from  41  percent  in  1977  to 
37  percent  in  1985. 

•  Eat  foods  with  adequate  starch.  In 
1985,  total  carbohydrate  (starch 
and  sugars)  in  diets  was  up  by  20 
percent  over  1977.  The  percent  of 
calories  from  carbohydrate  in- 
creased from  41  percent  in  1977  to 
46  percent  in  1985. 

•  Eat  foods  with  adequate  fiber.  The 
intake  of  dietary  fiber  by  women  in 
1985  was  about  12  grams  a  day. 
Comparable  data  are  not  available 
for  1977.  Further  research  is 
needed  to  define  a  recommended 
level  of  dietary  fiber,  but  generally, 
increases  are  suggested. 

•  Avoid  too  much  sugar.  Intakes  in- 
creased for  certain  sugar-contain- 
ing foods  such  as  candy,  soft 
drinks,  fruit  drinks,  and  ades. 

•  Avoid  too  much  sodium.  Sodium  in- 
takes by  women  in  1985  were 
slightly  below  the  top  of  the  safe 
and  adequate  range  suggested,  but 
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they  do  not  include  sodium  from 
salt  added  at  the  table.  Actual  in- 
takes may  well  exceed  suggested 
levels.  Comparable  data  are  not 
available  for  1977. 
•  If  you  drink  alcoholic  beverages,  do 
so  in  moderation.  Alcoholic  bever- 
ages are  usually  underreported  in 
surveys.  Intakes  reported  in  1985 
were  one-half  higher  than  those  in 
1977. 

Nutrition  Monitoring 
Research 

USDA  conducts  Nationwide  Food 
Consumption  Surveys  about  every  10 
years — the  last  in  1977-78  and  the 
next  in  1987-88.  The  Continuing 
Survey  of  Food  Intakes  by  Individuals 
was  begun  in  1985  to  provide  some 
information  about  dietary  behavior 
between  the  decennial  surveys.  Both 
surveys  are  a  part  of  the  National  Nu- 
trition Monitoring  System  that  covers 
Federal  nutrition  monitoring  activi- 
ties, mainly  in  USDA  and  the  Depart- 
ment of  Health  and  Human  Services 
(DHHS).  USDA  surveys  focus  on  the 
dietary  status  of  Americans  while 
DHHS  surveys  focus  on  the  nutri- 
tional status  of  the  population,  as 
measured  by  physical  examinations. 
The  national  monitoring  of  dietary 
status  requires  three  major  types  of 
research-based  information:  nutri- 
tional requirements  of  individuals; 
nutrient  content  of  foods;  arid  food 
consumption  by  Americans. 

Current  Research.  USDA's  Agri- 
cultural Research  Service  (ARS)  con- 
ducts research  to  define  nutrient  re- 
quirements at  all  stages  of  life  and  to 
study  the  interactions  of  nutrients 
and  other  factors  that  affect  the  avail- 
ability of  nutrients  to  the  body.  The 
Food  and  Nutrition  Board  of  the  Na- 
tional Research  Council  uses  results 
from  ARS  research  and  research  from 
other  sources  in  setting  the  RDA, 
which  are  used  in  assessing  the  nu- 


tritional adequacy  of  the  diets  re- 
ported in  these  surveys.  Quantitative 
standards  that  define  levels  of  food 
components — such  as  fats,  choles- 
terol, dietary  fiber,  and  sugars — that 
are  consistent  with  minimum  risk  of 
certain  diseases  await  further 
research. 

The  Human  Nutrition  Information 
Service  (HNIS)  compiles  and  evalu- 
ates information  from  government, 
industry,  and  university  laboratories 
on  the  nutrient  content  of  foods  and 
sponsors  research  to  fill  data  gaps. 
Data  are  processed  through  a  Na- 
tional Nutrient  Data  Bank  and  dis- 
seminated in  machine-readable  and 
published  form.  HNIS  is  the  primary 
national  resource  for  information  on 
the  nutritive  value  of  foods. 

HNIS  also  conducts  surveys  of  food 
consumption  and  analyzes  and  re- 
ports results.  The  decennial  Nation- 
wide Food  Consumption  Surveys  pro- 
vide comprehensive  information  on 
food  use  and  food  cost  by  households 
and  on  food  intakes  by  individual 
household  members.  The  new  Con- 
tinuing Survey  attempts  to  assess 
usual  dietary  status  over  a  year  for  se- 
lected groups  of  the  population  and  to 
report  those  results  quickly.  Method- 
ology studies  for  this  survey  have 
been  under  way  since  1981. 

Research  for  the  Future.  Im- 
proved monitoring  of  dietary  status 
depends  on  future  research  to  help 
answer  many  questions: 

1.  Standards  of  dietary  status. 

•  What  new  nutrients  and  food 
constituents  are  of  importance 
to  nutritional  well-being  and 
prevention  of  disease? 

•  What  is  the  risk  of  nutritional 
deficiency  and  disease  associ- 
ated with  diets  containing  dif- 
ferent amounts  of  nutrients  and 
food  constituents? 

•  How  do  nutrients  interact  and 
what  is  the  effect  of  these  inter- 
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actions  and  other  factors  on  ab- 
sorption of  nutrients  in  the 
body? 

2.  Composition  of  foods. 

•  How  much  of  food  constituents 
newly  identified  as  potentially 
important  to  nutritional  health 
do  the  thousands  of  foods  Amer- 
icans now  eat  contain? 

•  How  much  of  all  food  constitu- 
ents are  in  those  foods  newly 
available  to  Americans? 

•  What  causes  the  nutrient  com- 
position of  a  food  to  differ — 
where  it  was  grown,  the  length 
of  time  it  was  stored,  etc.? 

•  How  can  analytical  procedures 
be  simplified  and  improved? 

3.  Food  consumption. 

•  What  types  and  combinations  of 
national  surveys  will  provide 
priority  information  on  dietary 
status  in  a  timely  and  cost-effec- 
tive manner  and  will  be  compat- 
ible with  physical  examination 
surveys  conducted  by  DHHS? 

•  What  are  the  best  methods  for 
measuring  usual  food 
consumption? 

•  How  can  data  collection  and 
processing  procedures  be  modi- 
fied to  improve  data  accuracy 
and  timeliness? 

•  Could  a  simplified  questionnaire 
be  developed  to  monitor  prog- 
ress in  achieving  diets  that  fol- 
low the  Dietary  Guidelines? 

USDA  has  monitored  the  dietary 
status  of  Americans  through  periodic 
national  surveys  for  50  years.  Also, 
estimates  of  the  nutrient  content  of 
the  U.S.  food  supply  are  available  for 
each  year  back  to  1909.  USDA  uses 
food  and  nutrient  consumption  infor- 
mation from  this  research  in  pro- 
grams that  relate  to  the  production 
and  marketing  of  food  and  in  target- 
ing and  developing  food  assistance 
and  nutrition  education  programs. 
Monitoring  dietary  behavior  of  Ameri- 
cans now  and  in  the  future  is  essen- 


tial to  carrying  out  USDAs  nutrition 
mission — to  assure  that  a  sufficient, 
wholesome,  and  nutritious  supply  of 
foods  is  available  to  all  Americans  and 
to  provide  information  with  which 
healthy  Americans  can  select  good 
diets. 


Diets  of  Americans:  How  Good  Are  They? 


187 


R&search  for  Tomorrow 


Dietary 
Guidelines  for 
Americans 

Susan  Welsh,  director,  Nutrition 
Education  Division,  Human 
Nutrition  Information  Service 


M#hat  should  you  eat  to  be 
WW  healthy?  Answers  to  these  ques- 
tions are  everywhere.  They  come 
from  doctors,  dentists,  nurses,  dieti- 
tians, the  Federal  Government,  State 
and  local  health  departments,  exten- 
sion agents,  teachers,  popular  books, 
magazines,  TV,  and  radio.  Much  in- 
formation is  available.  Some  of  it  is 
sound  and  sensible,  but  some  is  not 
and  many  people  remain  confused. 
Health  depends  on  many  things, 
including  heredity,  lifestyle,  personal- 
ity traits,  mental  health  and  attitudes, 
and  environment,  in  addition  to  diet. 
The  life  expectancy,  average  body 
size,  and  general  good  health  of 
Americans  seem  to  indicate  that  most 
diets  are  adequate.  We  have  a  varied, 
plentiful,  and  wholesome  supply  of 
foods  from  which  we  can  choose. 
Food  alone,  however,  cannot  make 
you  healthy,  nor  can  dietary  guide- 
lines guarantee  health.  But  good  eat- 
ing habits  based  on  moderation  and 
variety  can  help  keep  you  healthy  and 
even  improve  your  health. 

Dietary  Guidelines,  1 980 

Government  has  a  special  role  in  as- 
suring the  health  and  safety  of  the 
American  people.  Providing  informa- 
tion that  healthy  Americans  can  use 
to  select  a  good  diet  has  been  part  of 
the  U.S.  Department  of  Agriculture's 
(USDA)  mission  since  its  beginning. 
To  help  people  deal  with  the  confu- 
sion of  nutrition  fact  and  fiction, 


USDA  and  the  Department  of  Health 
and  Human  Services  published  Nu- 
trition and  Your  Health — Dietary 
Guidelines  for  Americans  in  1980. 

Dietary  Guidelines,  i  985 

In  1983,  a  nine-member  Dietary 
Guidelines  Advisory  Committee  of  nu- 
trition experts  selected  from  outside 
the  Federal  Government  reviewed  the 
latest  scientific  data  and  reported 
their  findings  to  the  two  Depart- 
ments. Their  recommendations 
formed  the  basis  for  the  second  edi- 
tion of  the  Dietary  Guidelines  pub- 
lished by  the  Departments  last 
September. 

The  second  edition  of  the  Guide- 
lines is  similar  to  the  first  edition. 
Some  changes  were  made  for  clarity; 
others  added  guidance  about  nutrition 
topics  that  have  been  more  prominent 
since  1980,  such  as  following  unsafe 
weight  loss  diets,  using  large-dose 
supplements,  and  drinking  of  alco- 
holic beverages  by  pregnant  women. 

These  guidelines  are  for  healthy 
people  who  want  to  reduce  risks  of 
nutritional  deficiency  diseases  and  of 
certain  chronic  diseases.  They  are  not 
for  people  who  need  special  diets  be- 
cause of  diseases  or  conditions  that 
interfere  with  normal  nutritional  re- 
quirements. These  people  may  need 
special  instruction  from  registered 
dietitians,  in  consultation  with  then- 
own  physicians. 

They  also  are  meant  to  be  applied 
together  to  form  a  good  diet.  Because 
the  guidelines  refer  to  the  total  diet, 
they  do  not  suggest  that  any  single 
food  or  group  of  foods  be  eliminated. 
They  emphasize  variety,  balance,  and 
moderation.  And  they  are  not  quanti- 
tative, but  general  and  directional  in 
approach.  The  first  two  guidelines  on 
variety  and  weight  maintenance  form 
the  framework  of  a  good  diet.  The 
other  five  guidelines  are  specific 
characteristics  of  a  good  diet. 

In  addition,  the  Human  Nutrition 
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Information  Service  staff  with  advice 
from  the  Extension  Service,  has  pre- 
pared a  series  of  14  bulletins  in  sup- 
port of  these  guidelines.  The  first 
seven  bulletins  give  information  about 
the  guidelines;  the  next  seven  show 
how  to  use  the  guidelines  while  eat- 
ing out,  shopping,  planning  and  pre- 
paring meals. 

Eat  a  Variety  of  Foods.  This 
simple  guideline  represents  a  com- 
plex food  selection  pattern.  The  intent 
is  to  eat  the  kinds  and  amounts  of 
foods  that  will  provide  the  protein, 
minerals,  and  vitamins  your  body 
needs.  No  one  can  be  expected  to 
keep  track  of  the  more  than  40  differ- 
ent nutrients  and  food  components 
needed  for  good  health.  Most  foods 
provide  more  than  one  nutrient,  but 
no  single  food  provides  everything. 
But  most  people  can  satisfy  their  nu- 
tritional needs  by  eating  a  balanced, 
varied  diet  that  emphasizes  the  major 
food  groups — fruits;  vegetables; 
whole-grain  and  enriched  breads,  ce- 
reals, and  other  foods  made  from 
grains;  dairy  products;  and  meats, 
poultry,  fish,  eggs,  and  dry  beans  and 
peas. 

For  example,  dairy  products  such 
as  milk  are  a  source  of  protein,  fats, 
simple  carbohydrates,  vitamin  A,  ribo- 
flavin, and  other  B  vitamins,  calcium, 
phosphorus,  and  other  nutrients.  But 
they  provide  litde  iron,  zinc,  or  vita- 
min C.  Meat  provides  protein,  several 
B  vitamins,  iron  and  zinc  but  little 
calcium  or  vitamin  C.  Vitamins  A  and 
C,  folic  acid,  fiber,  and  various  min- 
erals are  obtained  from  fruits  and 
vegetables.  Whole-grain  and  enriched 
breads,  cereals,  and  other  grain  prod- 
ucts provide  B  vitamins,  iron,  protein, 
and  fiber. 

A  varied  diet  based  on  these  food 
groups  will  satisfy  the  nutrient  re- 
quirements of  most  healthy  individu- 
als without  the  need  for  supplements. 
The  guidelines  state  that  there  are  no 
known  advantages  and  some  potential 


harm  in  consuming  excessive 
amounts  of  any  nutrient  and  that 
large-dose  supplements  of  any  nu- 
trient should  be  avoided. 

There  are  a  few  exceptions  to  this 
general  statement  about  supplement 
use.  Women  of  childbearing  age  may 
need  iron  supplements.  Pregnant  and 
lactating  women  need  amounts  of 
several  nutrients  beyond  what  their 
usual  diets  may  provide.  Infants,  4 
months  and  over,  especially  those 
who  only  breastfeed,  may  need  sup- 
plemental iron — iron  added  to  foods 
such  as  cereal  or  taken  as  supple- 
ments. Elderly  people  who  use  medi- 
cation for  treatment  of  disease  may 
need  supplements  because  drug  and 
nutrient  interactions  reduce  absorp- 
tion of  some  nutrients  in  the  body. 

USDA  has  several  publications 
available  from  the  Government  Print- 
ing Office  that  focus  on  the  impor- 
tance of  variety  in  food  selection. 
Food,  published  in  1979,  is  a  colorful 
example  of  dietary  guidance  featuring 
balance  and  moderation  as  character- 
istics of  a  nutritious  diet.  It  presents 
the  "Hassle-Free  Guide  to  a  Better 
Diet,"  similar  to  the  basic  four  food 
guide  used  since  the  1950's.  Ideas  for 
Better  Eating  gives  specific  informa- 
tion on  implementing  the  guidelines. 
It  provides  recipes  for  a  variety  of 
foods  that  incorporate  all  the  guide- 
line principles. 

USDA  cooperated  with  the  Ameri- 
can Red  Cross  in  developing  a  six- 
session  nutrition  course,  Better  Eating 
for  Better  Health,  that  focuses  on  im- 
plementing the  Dietary  Guidelines 
and  other  timely  nutrition  messages, 
It  is  being  offered  by  Red  Cross  chap- 
ters across  the  country. 

The  USDA  family  food  plans  at  four 
different  levels  of  cost,  which  were 
revised  in  1983,  control  fat,  choles- 
terol, sugars,  and  sodium  at  moderate 
levels  and  provide  recommended 
amounts  of  vitamins  and  minerals. 
The  least  costly  of  these  food  plans  is 
the  thrifty  food  plan  used  by  USDA  as 
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the  basis  for  benefits  in  the  Food 
Stamp  Program.  Your  Money's  Worth 
in  Foods  focuses  on  ways  of  obtaining 
a  nutritious  diet  while  economizing 
on  cost.  A  publication  entitled  Making 
Food  Dollars  Count  provided  sample 
meals  for  a  family  of  four  and  was 
part  of  a  campaign  targeted  to  com- 
munity leaders  who  work  with  low-in- 
come people.  A  new  bulletin,  Thrifty 
Meals  for  Two:  Making  Food  Dollars 
Count,  shows  how  to  plan,  buy  for, 
and  prepare  low-cost  meals  and  in- 
cludes menus  and  recipes  based  on 
the  nutritional  needs  of  a  couple  over 
51  years  of  age. 

Maintain  Desirable  weight. 

Many  people  want  to  lose  weight  to 
look  better,  but  other  reasons  are 
even  more  compelling.  If  you  are  too 
fat,  your  chances  of  developing  some 
chronic  disorders  are  increased.  High 
blood  pressure,  increased  levels  of 
blood  fats  (triglycerides)  and  choles- 
terol, heart  disease,  strokes,  diabetes, 
and  many  other  types  of  ill  health  are 
among  these  chronic  disorders.  The 
weight  of  most  adults  should  be  no 
more  than  it  was  when  they  were 
about  25  years  of  age. 

To  maintain  your  weight — no  loss 
and  no  gain — calorie  intake  from  the 
food  you  eat  needs  to  balance  the  cal- 
ories you  expend.  To  lose  weight,  you 
must  take  in  fewer  calories  than  you 
use.  A  more  appropriate  approach  for 
most  of  us  is  to  increase  activity  and 
use  more  calories  than  we  take  in. 

Increased  exercise  has  several  pay- 
offs: (1)  You'll  feel  better;  (2)  exercise 
allows  higher  calorie  intake  with 
which  to  get  needed  nutrients,  with- 
out unwanted  weight  gain;  (3)  exer- 
cise improves  fitness  which  may  help 
prevent  heart  disease;  and  (4)  weight- 
bearing  exercise  may  help  prevent 
osteoporosis — a  bone  problem  espe- 
cially common  among  older  white 
women. 

In  addition  to  increased  physical 


activity,  cutting  down  on  high-calorie, 
low-nutrient  foods  is  the  best  means 
of  reducing  calories.  Cutting  down  on 
food  across  the  board  may  be  risky, 
because  you  need  significant  amounts 
of  nutrient-providing  foods  daily  to 
get  recommended  amounts  of  nu- 
trients. Almost  all  foods  have  some 
calories.  But  some — often  the  ones 
we  like  best — have  more  than  others. 
Foods  high  in  fats  are  the  most  ca- 
loric. Every  gram  of  fat  has  about  9 
Calories — over  twice  as  much  as  a 
gram  of  starch  or  sugar.  A  gram  of  al- 
cohol has  about  7  Calories.  Fats,  oils, 
sugars,  and  sweets  as  ingredients  in 
foods  or  added  to  foods  can  be  cut 
back  to  reduce  calories;  they  are  not 
nutrient  providers.  Also,  the  fat  parts 
of  animal  foods  such  as  meats  and 
milk  can  be  avoided  to  further  cut 
calories.  And  alcohol,  of  course,  can 
be  avoided,  too. 

Severely  restricted  low-calorie  diets 
make  it  extremely  difficult  to  obtain 
the  nutrients  essential  to  maintaining 
good  health.  They  also  can  have  other 
adverse  effects.  Diets  of  less  than  800 
Calories  a  day  can  be  hazardous  and 
should  be  followed  only  under  medi- 
cal supervision.  The  guidelines  warn 
that  some  people  have  developed  kid- 
ney stones,  disturbing  psychological 
changes,  and  other  complications 
while  following  such  diets.  A  few  peo- 
ple have  died  suddenly  and  without 
warning.  Frequent  use  of  laxatives, 
induced  vomiting,  and  other  extreme 
measures  should  not  be  used  to  lose 
weight.  Such  actions  can  cause 
chemical  imbalances  that  can  lead  to 
irregular  heartbeats  and  even  death. 

In  addition  to  being  hazardous, 
quick  weight-loss  schemes  usually 
fail.  Long-term  success  in  losing 
weight  and  maintaining  a  desirable 
weight  depends  on  adopting  new  and 
better  habits  of  eating  and  exercise. 
USDA  has  prepared  two  publications 
that  are  helpful  to  dieters — Calories 
and  Weight  and  Food  2:  A  Dieter's 
Guide. 
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USDA  publications  provide  nutrition  information  to  consumers. 


Avoid  Too  Much  Fat,  Satu- 
rated Fat,  and  Cholesterol. 

The  American  diet,  which  is  relatively 
high  in  fat — especially  saturated  fat 
and  cholesterol — goes  with  high 
blood  cholesterol  and  heart  disease. 
Studies  show  that,  for  many  people, 
eating  extra  saturated  fat,  high  levels 
of  cholesterol,  and  excess  calories  will 
increase  blood  cholesterol.  Extra  satu- 
rated fat  appears  to  be  the  biggest 
factor.  If  you  have  a  high  blood  cho- 
lesterol level,  your  chances  of  a  heart 
attack  are  greater.  High  blood  pres- 
sure and  cigarette  smoking  are  risk 
factors,  too.  And  heredity  seems  to 
play  a  big  role. 

The  association  of  cholesterol  with 
heart  disease  has  been  highly  publi- 
cized for  more  than  three  decades. 
But  much  confusion  remains  about 
blood  cholesterol  versus  dietary  cho- 


lesterol, and  food  sources  of  choles- 
terol and  saturated  fatty  acids. 

Your  blood  or  serum  cholesterol, 
measured  by  the  doctor,  is  most  im- 
portant. If  it's  above  200-240  milli- 
grams per  deciliter — depending  on 
your  age — your  doctor  may  suggest  a 
special  diet  or  a  diet  and  medication. 
The  special  diet  will  limit  foods  with 
saturated  fat  and  dietary  cholesterol, 
and  possibly  calories  as  well,  if  you're 
overweight. 

Dietary  cholesterol — or  the  choles- 
terol in  food — is  found  in  large 
amounts  in  egg  yolks  and  organ 
meats;  it  is  in  both  the  fat  and  the 
lean  of  meats,  and  the  fat  in  milk. 
Poultry  has  nearly  as  much  choles- 
terol as  red  meats.  Cholesterol  is  not 
in  foods  of  plant  origin. 

Fats  in  foods  are  mixtures  of  differ- 
ent types  of  fatty  acids — but  animal 
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fats  have  more  saturated  fatty  acids 
than  do  vegetable  fats.  Exceptions  are 
palm  and  coconut  oils,  which  are 
high  in  saturated  fats.  Red  meats 
have  more  saturated  fats  than  poultry 
and  fish.  A  diet  designed  to  reduce 
blood  cholesterol  by  reducing  fat  in- 
take will  stress  the  use  of  poultry  and 
fish. 

Many  animal  foods  that  contain 
saturated  fat  and  cholesterol,  such  as 
milk,  meat,  and  eggs,  also  provide 
high  quality  protein  and  certain  hard- 
to-get  minerals  such  as  iron,  zinc, 
and  calcium.  So  it  is  important  to 
choose  low-fat  kinds  of  meats  and 
milk  and  milk  products  most  of  the 
time.  Some  specific  tips  on  how  to 
avoid  too  much  fat,  saturated  fat,  and 
cholesterol  are: 

•  Choose  lean  meat,  poultry,  and 
fish.  Trimming  the  fat  from  a  beef 
rump  roast  can  reduce  fat  by  two- 
thirds.  Removing  the  skin  from  a 
roasted  chicken  breast  can  cut  the 
fat  in  half. 

•  Use  skim  or  low-fat  milk.  A  cup  of 
whole  milk  has  8  grams  of  fat;  a 
cup  of  skim  only  about  one-half  of 
a  gram. 

•  Moderate  use  of  egg  yolks  and  or- 
gan meats  because  of  their  high 
concentration  of  cholesterol. 

•  Limit  use  of  fats  and  oils.  They 
provide  mainly  fat  and  few  vita- 
mins and  minerals. 

•  Avoid  fried  foods,  especially 
breaded  ones.  One  half  of  a  batter- 
fried  chicken  breast  is  about  equal 
to  one-half  of  a  roasted  chicken 
breast  plus  1  slice  of  bread  and  2 
teaspoons  of  fat. 

•  Look  at  labels  of  commercially  pre- 
pared bakery  goods  and  other  mix- 
tures. Many  show  the  amount  and 
kind  of  fat  contained. 

More  information  about  this  guide- 
line is  available  in  Food  3:  Eating  the 
Moderate  Fat  and  Cholesterol  Way, 
developed  by  the  Human  Nutrition 
Information  Service,  USDA  and  pub- 


lished by  the  American  Dietetic 
Association. 

Eat  Foods  with  Adequate 
Starch  and  Fiber.  Eating  foods 
high  in  fiber  can  reduce  symptoms  of 
chronic  constipation,  diverticular  dis- 
ease, and  some  types  of  irritable 
bowel.  Some  evidence  suggests  that 
diets  low  in  fiber  may  increase  the 
risk  of  developing  colon  cancer,  but 
further  research  is  needed  to  be 
certain. 

Starch  and  fiber  are  complex  carbo- 
hydrates found  in  foods  like  breads 
and  cereals,  dry  beans  and  peas,  veg- 
etables, nuts,  seeds,  and  fruits.  In  ad- 
dition to  carbohydrates,  these  foods 
contain  many  essential  nutrients  and, 
except  for  nuts  and  seeds,  have  little 
or  no  fat.  They  also  contain  no  cho- 
lestrol;  no  foods  of  vegetable  origin 
contain  cholesterol.  With  the  excep- 
tion of  fruits,  these  foods  also  contain 
little  of  the  simple  kind  of  carbohy- 
drate— sugar. 

A  moderate  increase  in  dietary  fiber 
of  different  types  is  desirable.  This 
means,  for  most  of  us,  eating  more 
whole-grain  products,  fruits,  vegeta- 
bles (including  the  edible  skins  and 
seeds),  and  dry  beans  and  peas. 
There  is  no  need  to  take  fiber  supple- 
ments or  to  add  fiber  to  foods  that  do 
not  contain  it.  Studies  show  that  too 
much  fiber  may  prevent  certain  hard- 
to-get  minerals,  such  as  iron  and 
zinc,  from  being  absorbed  by  the 
body. 

To  eat  more  starch  and  fiber,  sub- 
stitute starchy  foods — breads,  cereals, 
and  starchy  vegetables  such  as  beans, 
peas,  and  potatoes — for  foods  high  in 
fats  and  sugars.  Also,  choose  foods 
with  different  kinds  of  fiber  every 
day — some  whole- grain  breads  and 
cereals  and  some  fruit  with  edible 
skins  or  seeds,  for  example. 

Avoid  Too  Much  Sugar.  II  you 

choose  sweet  pastries,  jam  on  toast, 
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and  sweetened  cereal  for  breakfast;  if 
you  use  sugar  in  your  coffee  and  tea 
or  hit  the  soft  drinks  regularly;  if  you 
find  the  meal  incomplete  without  a 
sweet  dessert  or  the  day  incomplete 
without  cookies  or  candy — you  are  a 
sweets  junkie,  like  many  other 
Americans. 

You  should  avoid  too  much  sugar 
because  (1)  sweets  may  replace  foods 
that  are  more  nutritious  and  (2)  too 
much  sugar  causes  tooth  decay.  The 
form  in  which  you  eat  sugar  and 
when  you  eat  it  is  important,  too. 
Sticky  sweets  are  the  worst  kind,  and 
eating  them  often  adds  to  the  prob- 
lem. Guard  against  between-meal 
sweets.  Of  course,  brushing  and 
flossing  your  teeth  immediately  after 
eating  helps  combat  decay,  as  does 
fluoride  in  the  water  or  in  toothpaste 
and  mouth  rinses. 

There  are  many  types  of  added 
sweeteners — sucrose,  glucose,  dex- 
trose, sorbitol,  fructose,  maltose,  lac- 
tose, manitol,  honey,  corn  syrup,  mo- 
lasses, maple  syrup.  Some  ways  to 
control  the  amounts  in  your  diet  are: 

•  At  the  store,  look  at  ingredient  la- 
bels on  foods  you  buy.  Try  to  avoid 
foods  that  have  one  of  these  ingre- 
dients listed  first  or  second  (ingre- 
dients are  listed  in  order  by  their 
content  in  the  food)  or  that  have 
several  of  these  ingredients  listed. 

•  In  the  kitchen,  adjust  recipes  by 
cutting  back  on  sugars  a  little  at  a 
time.  Plan  meals  without  soft 
drinks,  other  sweetened  beverages, 
sweet  desserts,  and  baked  goods. 

•  At  the  table,  cut  back  on  the  sugar, 
honey,  jams,  jellies,  and  syrups 
added  to  foods. 

Avoid  Too  Much  Sodium.  So- 
dium is  essential  to  the  human  body, 
but  most  Americans  consume  far 
more  than  they  need.  The  principal 
concern  with  high-sodium  consump- 
tion is  for  people  with  hypertension 
(high  blood  pressure)  and  those  who 


may  be  susceptible  to  it. 

For  both  the  60  million  Americans 
who  have  high  blood  pressure  and 
the  rest  of  us  who  may  get  it,  avoid- 
ing too  much  sodium  is  sensible.  Ta- 
ble salt  is  not  the  only  source,  for  a 
wide  variety  of  sodium  compounds  is 
used  in  many  processed  foods  and 
beverages. 

To  avoid  too  much  sodium: 

•  Learn  to  enjoy  the  flavors  of  un- 
salted  foods. 

•  Cook  without  salt  or  with  only 
small  amounts. 

•  Add  little  or  no  salt  at  the  table. 

•  Cut  down  on  salty  foods — chips, 
salted  nuts  and  popcorn,  condi- 
ments (soy  sauce,  steak  sauce, 
garlic  salt),  pickled  foods,  cured 
meats,  some  cheeses,  and  some 
canned  vegetables  and  soups. 

•  Read  labels  for  clues  on  amounts  of 
sodium  in  processed  foods. 
USDA's  Sodium  Content  of  Your 

Food  and  the  Nutritive  Value  of  Food 
contain  information  about  the  sodium 
content  of  food.  USDA  and  the  Food 
and  Drug  Administration  have  pub- 
lished Sodium — Think  About  It, 
which  provides  information  on  how  to 
reduce  dietary  sodium. 

if  You  Drink  Alcoholic  Bever- 
ages, Do  So  In  Moderation. 

From  a  nutritional  standpoint,  alco- 
holic beverages  are  high  in  calories 
but  provide  little  else  of  nutritional 
benefit.  Overweight  people  should  be 
aware  that  alcohol  adds  calories. 
Heavy  drinkers  especially  can  suffer 
appetite  loss,  and  this  can  lead  to  nu- 
tritional deficiencies  and  other  health 
problems,  such  as  cirrhosis  of  the 
liver  and  some  types  of  cancer.  This 
dietary  guideline  also  supports  the 
national  effort  to  discourage  drinking 
and  driving. 

The  National  Institute  on  Alcohol 
Abuse  and  Alcoholism  advises  preg- 
nant women  to  refrain  from  using  al- 
coholic beverages  because  excessive 
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consumption  may  cause  birth  defects 
or  other  problems  during  pregnancy. 
The  level  of  consumption  at  which 
risks  to  an  unborn  child  occur  is  not 
known. 

In  summary,  we  define  a  nutritious 
diet  as  one  composed  of  a  variety  of 
foods  (some  vegetables;  fruits;  breads 
and  cereals;  milk  products;  and 
meats,  poultry,  fish,  eggs,  and  dry 
beans  and  peas)  in  amounts  to  result 
in  desirable  body  weight,  selected  to 
include  some  starchy  and  fiber-con- 
taining foods,  but  one  that  avoids  too 
much  fat,  sugars,  sodium,  and 
alcohol. 

Future  Research 

Effective  nutrition  education  depends 
on  three  major  areas  of  research: 

1.  Research  to  establish  the  stand- 
ards of  a  good  diet.  Studies  of  nutrient 
requirements  and  the  association  be- 
tween dietary  factors  and  health  and 
disease  help  us  to  identify  the  fea- 
tures of  a  good  diet.  These  features 
become  the  goals  of  dietary  behavior 
in  nutrition  education  efforts.  For  ex- 
ample, studies  that  determine  the 
level  of  dietary  iron  needed  to  prevent 
anemia  and  related  conditions  help 
establish  the  standard  for  recom- 
mended iron  intake. 

2.  Research  to  determine  current 
dietary  status.  Dietary  surveys  such 
as  USDA's  Nationwide  Food  Con- 
sumption Surveys  tell  us  how  suc- 
cessful Americans  are  in  meeting  die- 
tary standards.  These  research 
findings  allow  nutrition  education  ef- 
forts to  focus  on  the  most  important 
issues  and  to  be  targeted  to  those  at 
the  greatest  nutritional  risk.  For  ex- 
ample, intakes  of  dietary  iron  by 
women  of  childbearing  years  and 
young  children  that  do  not  meet 
standards  suggest  an  obvious  focus 
for  nutrition  education  efforts. 

3.  Research  to  determine  the  most 
effective  methods  of  nutrition  educa- 
tion. This  area  of  research  helps  us  to 


know  how  we  can  best  get  from 
where  we  are  to  where  we  should  be 
in  dietary  behavior.  Further  research 
in  nutrition  education  will  focus  more 
attention  on: 

•  Understanding  the  process  of  nu- 
trition education.  This  type  of  re- 
search focuses  on  the  thought 
processes  in  developing  interest, 
understanding,  and  acceptance  of 
nutrition  education  messages. 

•  Identifying  for  target  audiences  the 
characteristics  and  attitudes  that 
have  a  bearing  on  the  success  of 
nutrition  education  efforts. 

•  Developing  improved  methods  of 
measuring  the  effectiveness  of  nu- 
trition education  efforts. 

This  research  has  a  single  goal — 
the  development  of  effective  nutrition 
education  materials  and  programs. 
Some  nutrition  education  activities 
are  the  responsibility  of  USDA  and 
other  Federal  agencies.  Increased  co- 
ordination among  government,  health 
professionals,  academia,  and  industry, 
however,  could  lead  to  a  network  of 
nutrition  education  activities  that  are 
more  effective  in  improving  the 
American  diet. 

Further  Reading 

Better  Eating  for  Better  Health, 

1982,  American  National  Red  Cross, 
Washington,  DC. 

Food  2:  A  Dieter's  Guide,  1982, 
American  Dietetic  Association,  Chi- 
cago, I L  60611. 

Food  3:  Eating  the  Moderate  Fat 
and  Cholesterol  Way,  1982,  American 
Dietetic  Association,  Chicago,  IL 
60611. 

USDA  1983  Family  Food  Plans, 

1983,  Family  Economics  Review, 
USDA  No.  2,  pp.  12-21. 

The  following  U.S.  Department  of 
Agriculture  publications  are  available 
from  the  Superintendent  of  Docu- 
ments, U.S.  Government  Printing  Of- 
fice, Washington,  DC  20402. 

Calories  and  Weight:  USDA  Pocket 
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Making  Food  Dollars  Count — Nutri- 
tious Meals  at  Low  Cost,  1983,  Home 
and  Garden  Bull.  24. 

Nutritive  Value  of  Food,  1985, 
Home  and  Garden  Bull.  72. 

Sodium  Content  of  Your  Food,  1983, 
Home  and  Garden  Bull.  233. 

Sodium — Think  About  It,  1982, 
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den Bull.  244. 
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Forestry,  State  University  of  New 
York,  Syracuse 


As  the  United  States  becomes 
more  urbanized  and  affluent,  and 
its  society  more  specialized,  it  has  be- 
come easier  to  take  for  granted  the 
adequacy  of  its  food  and  fiber  supply. 
Perhaps  nowhere  is  this  more  obvious 
than  in  the  lack  of  consideration  and 
appreciation  of  the  contributions  of 
our  forests.  The  connection  is  rarely 
made  that  writing  paper,  houses,  and 
furniture  are  usually  made  from  raw 
materials  supplied  by  forests.  Nor  is 
the  link  made  between  water  supply 
or  enjoyment  of  wildlife,  or  the  es- 
thetic quality  of  the  outdoor  environ- 
ment to  the  condition  of  the  forests. 

Perhaps  one  of  the  great  luxuries  of 
our  affluence  is  not  having  to  worry 
about  the  Nation's  potential  to  grow 
food  or  fiber.  This  is  in  striking  con- 
trast to  parts  of  the  world  where  years 
of  misuse  of  the  forests,  accompanied 
by  less  favorable  rainfall  than  ours, 
has  brought  in  wood  fuel  shortages, 
the  destruction  of  watersheds,  and 
even  climate  changes. 

These  problems  are  geographically 
distant  from  the  United  States,  but  it 
would  be  wrong  to  assume  that  there 
will  always  be  enough  forests  of  the 
right  kind  in  North  America,  or  that 
this  Nation  will  not  be  affected  by 
shortages  of  such  resources  else- 
where in  the  world. 

Forests— A  Renewable 
Resource 

One  outstanding  characteristic  of  the 
forest  resource  is  its  renewability.  Un- 
like many  of  the  possible  substitutes 


for  wood,  a  forest  can  be  grown,  har- 
vested, and  regrown.  In  some  re- 
spects, consumers  can  have  their 
cake  and  eat  it  again  in  a  few  dec- 
ades. This  contrasts  sharply  with  the 
nonrenewability  of  mineral  resources 
such  as  coal,  or  steel,  or  other  com- 
modities used  for  fuel  or  construction. 

Renewability  has  two  important 
consequences.  First,  through  science 
and  management,  people  can  influ- 
ence the  long-term  supply  of  forest 
products  made  available.  Second,  be- 
cause supply  can  be  manipulated, 
long-term  demands  on  renewable  for- 
est resources  are  likely  to  increase 
substantially  relative  to  the  fixed  sup- 
ply of  nonrenewable  resources — that 
is,  along  with  the  normal  growth  in 
demand  from  increases  in  population 
and  overall  economic  growth,  in- 
creased substitution  of  forest  re- 
sources for  nonrenewable  resources 
must  be  watched. 

The  Long-Term 
Character  of  Forestry 

To  examine  the  needs  for,  and  contri- 
bution of,  research  on  forest  re- 
sources, it  is  necessary  to  look  beyond 
the  requirements  of  next  season  or 
even  next  year.  The  time  between 
planting  a  forest  stand  and  harvesting 
its  products  ranges  from  almost  a 
decade  to  a  century.  The  impacts  of 
many  forest  management  practices 
may  not  be  fully  realized  for  10  years 
or  so.  Similarly,  investing  in  research 
does  not  provide  quick  payoffs. 

A  study  of  the  contributions  of  re- 
search to  forestry  by  the  Forest  Serv- 
ice a  few  years  ago  pointed  out  two 
important  conclusions:  (1)  The  re- 
turns from  investment  in  research  are 
unexpectedly  high,  and  (2)  the  time 
from  the  inception  of  a  researchable 
idea  to  the  implementation  of  re- 
search findings  averages  well  over  a 
decade. 

The  need  to  look  beyond  the  turn 
of  the  century  to  evaluate  the  needs 
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Forests  provide  scenic  beauty,  basic  raw  materials  for  many  products,  a  link  to  our 
water  supply,  and  a  home  for  wildlife. 


for  forest  resources  and  the  implica- 
tions for  research  is  of  considerably 
more  than  academic  interest.  Taking 
the  long  view  is  necessary  in  formu- 
lating informed  investment  strategies. 

Some  Future  Trends 

Investigators  have  delineated  several 
trends  that  will  influence  the  demand 
on  forest  resources  over  the  next  cou- 
ple of  decades  and  from  which  con- 
clusions about  the  adequacy  of  these 
resources  can  be  drawn. 

It  is  absolutely  necessary  to  think 
in  global  terms.  While  there  will  be 
continuing  political  debate  over  the 
extent  to  which  free  trade  or  protec- 
tionism vis-a-vis  global  interdepend- 
ence should  be  encouraged  or  dis- 
couraged, evidence  overwhelmingly 
points  to  the  conclusion  that  increas- 
ing the  sharing  of  resources  and 
technology  would  lead  to  a  world  both 


economically  better  off  and  more  se- 
cure and  stable.  In  this  belief,  the 
discussion  of  the  following  trends 
moves  freely  between  domestic  and 
global  considerations. 
•  Domestic  and  global  population 
growth  will  increase  demands  on 
forest  resources. 

Recognizing  that  the  rate  of  popu- 
lation increase  has  been  declining 
both  in  the  United  States  and  the 
world,  medium-level  estimates  indi- 
cate that  the  United  States  will  have 
260  million  people  by  the  turn  of  the 
century  and  the  world,  6. 1  billion. 
These  figures  represent  increases  of 
30  million  and  1.4  billion, 
respectively. 

From  the  global  view,  population 
change  relative  to  available  resources 
is  probably  the  single  most  important 
trend  influencing  the  demand  on  our 
forest  resources.  The  world  popula- 
tion in  1980  was  approximately  4.4 
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billion  people.  United  Nations  projec- 
tions indicate  a  range  of  levels  at 
which  world  population  will  stabilize: 

Low  estimate 8.8  billion 

by  2040 

Medium  estimate  ...  10.5  billion 
by  2110 

High  estimate 14.2  billion 

by  2130 

Recent  estimates  of  world  popula- 
tion have  been  smaller  than  earlier 
ones.  Although  differing,  they  all  lead 
to  the  conclusion  that  world  popula- 
tion will  approximately  double  over 
the  next  50  years.  Even  if  per-capita 
income  remains  constant,  there  will 
be  need  for  more  resources  to  feed, 
clothe,  house,  and  nurture  a  popula- 
tion of  this  size. 

Although  experts  may  debate  the 
actual  magnitude  of  increase  in  de- 
mand for  forest  resources,  no  one 
denies  that  the  increase  will  be  sub- 
stantial. Also,  it  seems  inescapable 
that  the  competition  for  good  land 
from  agriculture,  forestry,  urbaniza- 
tion, and  improving  infrastructure 
must  increase. 

•  Per-capita  real  income  will  in- 
crease with  a  concomitant  expan- 
sion in  the  demand  for  forest 
resources. 

A  look  at  past  growth  in  per-capita 
gross  national  product  as  a  rough 
measure  of  increasing  welfare  of  a 
nation  may  serve  as  an  indicator  of 
economic  growth  trends.  In  the 
United  States,  for  example,  gross  na- 
tional product  will  reach  about  $2,690 
billion  (1972  dollars)  by  the  year 
2000,  double  what  it  was  in  1977. 
The  rate  of  growth  worldwide  is  more 
rapid  than  that  of  the  United  States. 
Not  only  more  people  but  more  peo- 
ple with  purchasing  power  greater 
than  that  of  today  can  be  anticipated. 

As  one  example  of  the  impact  of 
this  growth  on  our  forest  resources, 
the  Forest  Service  estimates,  in  An 
Assessment  of  the  Forest  and  Range- 
land  Situation  in  the  United  States, 


the  following  increases  in  consump- 
tion of  forest-based  goods  and  serv- 
ices between  1978  and  2000:  Down- 
hill skiing  75  percent;  timber  65 
percent;  freshwater  fishing  40  per- 
cent; dispersed  camping  35  percent; 
and  water  25  percent. 

For  resources  such  as  timber  and 
water,  the  rates  of  growth  for  the  rest 
of  the  world  will  be  considerably 
greater  than  those  for  the  United 
States. 

•  Maldistribution  of  resources 
will  lead  to  severe  scarcity  in 
some  countries  and  increase  the 
need  for  international  trade. 

It  is  difficult  even  for  the  well-in- 
formed to  reach  a  reasonable  conclu- 
sion about  the  magnitude  of  possible 
world  shortages  of  natural  resources 
in  the  near  future.  Is  the  world  run- 
ning out  of  wood,  oil,  ground  water, 
tillable  soil,  or  strategic  minerals?  Is 
population  growth  outstripping  our 
ability  to  feed,  clothe,  and  house  that 
population? 

Do  not  look  for  a  simple  answer. 
The  pessimists  are  concerned  about 
pending  world  resource  shortages, 
and  the  optimists  see  no  immediate 
problem  of  meeting  our  food  and  fiber 
needs. 

All  parties  agree,  however,  that 
population  growth  and  resource  avail- 
ability do  not  match  geographically. 
In  many  instances,  the  resources  are 
not  located  where  the  people  are. 
There  is  maldistribution  of  resources 
both  within  and  among  countries. 

What  does  this  imply  about  the  de- 
mand for  U.S.  forest  resources?  It  is 
obvious  that  countries  will  produce 
and  market  those  things  that  they 
can  do  best  and  cheapest,  or,  in  the 
economist's  terms,  for  which  they 
have  a  comparative  advantage.  Sev- 
eral trends  suggest  a  shift  towards 
countries  such  as  the  United  States 
having  a  growing  comparative  advan- 
tage at  both  ends  of  the  economic 
spectrum — basic  resource  activities 
such  as  agriculture  and  forestry  and 


200 


OUR  FOREST  RESOURCES 


Research  for  Tomorrow 


the  high-technology  and  information 
sectors. 

(1)  The  largest  component  of  eco- 
nomic growth  in  Western  Europe 
and  the  United  States  has  been 
and  will  continue  to  be  in  the  in- 
formation and  service  sectors. 
Some  have  gone  so  far  as  to  call 
this  the  beginning  of  the  end  of 
the  industrial  age  in  the  Western 
World. 

(2)  Technological  advancements  will 
make  smaller  manufacturing 
plants  competitive  and  more 
available  to  the  developing  world. 

(3)  Differentials  in  wage  rates  be- 
tween low-income  and  developed 
nations  will  become  even  greater 
than  they  are  today,  driving  labor- 
intensive  industries  toward  the 
developing  nations. 

(4)  Countries  with  low-density  popu- 
lations, productive  soils,  and 
moderate  climates  will  supply  an 
increasingly  larger  share  of  the 
total  world  food  and  fiber  supply. 

One  implication  of  these  trends  is 
that  countries  like  the  United  States 
may  supply  a  relatively  larger  share  of 
basic  agricultural  and  forest  resources 
along  with  an  increased  share  of  the 
service  sector,  while  countries  earlier 
classified  as  medium  or  low  income 
will  supply  relatively  more  manufac- 
tured goods  than  they  have  in  the 
past.  The  magnitude  of  these  shifts 
will  be  influenced  more  by  political 
than  economic  affairs.  Whatever  the 
changing  role  of  countries  and  re- 
gions, the  demand  for  U.S.  forest  re- 
sources will  increase  significantly. 
Only  the  magnitude  is  debatable. 
•  Technological  advances  will  ex- 
ert a  major  influence  on  both 
products  desired  and  their  supply 
at  reasonable  costs. 

Technological  change  occurs  on  a 
daily  basis,  usually  in  such  incre- 
mental ways  that  it  is  not  obvious,  ex- 
cept perhaps  when  a  Sputnik  circles 
the  globe  or  a  lunar  module  lands  on 
the  moon.  So  why  be  concerned 


about  technology?  Certainly,  this  Na- 
tion has  shown  it  can  adapt  to 
change.  But  to  consider  the  develop- 
ment potential  of  forestry,  there  is  a 
need  to  look  beyond  the  end  of  the 
century — to  perhaps  30,  40,  or  50 
years  from  now.  In  that  period,  tech- 
nological changes  could  be  so  far 
reaching  it  could  cause  major  eco- 
nomic and  social  change. 

It  is  difficult  to  point  out  specific 
technological  breakthroughs  possible 
in  the  next  few  decades.  Still,  three 
broad  areas  undoubtedly  will  have 
major  impacts  on  forestry  and  its  role 
in  development.  They  are:  telematics 
(changes  in  communication  and 
manufacturing  related  to  advances  in 
computers),  genetic  engineering,  and 
technology  related  to  resource  and 
product  substitution. 

The  combination  of  television,  com- 
puter chip,  and  transmission  by  satel- 
lite will  produce  dramatic  social  and 
economic  impacts.  Some  have  already 
been  felt.  Virtually  no  areas  of  the 
world  are  isolated.  The  inexpensive 
transistorized  radio  alone  has  ex- 
panded the  aspirations  of  the  peoples 
of  the  world. 

The  definition  of  the  good  life, 
which  earlier  may  have  differed  to- 
tally from  one  part  of  the  world  to  an- 
other, has  become  more  nearly  ho- 
mogenized through  learning  about 
each  other.  The  desire  to  acquire 
more  goods  is  becoming  ubiquitous. 
One  impact  of  advanced  telecommun- 
ications is  to  stimulate  the  desire  for 
material  goods  worldwide. 

At  the  same  time  that  advances  in 
telecommunications  increase  the  de- 
mand for  material  goods,  telecom- 
munications will  be  a  major  contribu- 
tor in  improving  the  domestic  ability 
to  supply  those  goods.  The  time 
needed  to  spread  technology  will  be 
decreased  severalfold.  Whether  our 
problems  are  agricultural,  industrial, 
or  health  related,  the  prospect  of  us- 
ing a  global  electronic  extension  serv- 
ice to  solve  them  during  our  lifetime 
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A  field  technician  high  in  this  genetically  superior  loblolly  pine  collects  cones  tor  seed 
for  tree  breeding  experiments. 
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is  almost  assured.  Access  to  informa- 
tion is  no  longer  limited  to  the  few 
but  becomes  available  to  many,  trans- 
ported at  the  speed  of  186,000  miles 
per  second. 

A  third  impact  of  the  computer 
chip  is  its  influence  on  heavy  indus- 
try. Advances  in  telecommunications, 
improved  sensors,  robotics,  and  other 
electronically  driven  devices  will  yield 
equipment  cheaper  and  more  mobile 
than  mechanical  and  hydraulic  prede- 
cessors. The  combination  of  increased 
demand  for  material  goods,  improved 
information  on  available  technology, 
and  less  cosdy,  smaller  scale  manu- 
facturing possibilities  will  promote 
tremendous  economic  development 
over  the  next  several  decades. 

Another  area  of  technological 
change  that  will  have  major  impacts 
on  forestry  is  advanced  genetic  engi- 
neering. Although  genetic  engineer- 
ing is  still  in  its  infancy,  it  has  grown 
far  beyond  the  walls  of  the  academic 
laboratory.  In  the  United  States,  sev- 
eral hundred  commercial  firms  have 
been  incorporated  to  research  and  sell 
the  results  of  genetic  engineering. 

In  forestry  the  first  breakthroughs 
are  likely  to  be  in  the  area  of  pest 
control — biological  insecticides,  pest- 
resistant  trees,  and  so  forth.  In  the 
longer  run,  however,  there  is  every 
reason  to  believe  that  trees  with  com- 
binations of  characteristics  unheard 
of  in  nature  will  be  planted  and 
managed. 

Besides  the  direct  impacts  of  ge- 
netic engineering  of  forest  plants,  in- 
direct effects,  through  reduced  land 
and  capital  requirements  to  accom- 
modate improved  agriculture,  could 
be  significant.  For  example,  breeding 
grain  crops  that  can  better  withstand 
stress  from  either  drought  or  temper- 
ature extremes  could  significantly  in- 
crease the  effective  climatic  range  of 
grain  crops,  brightening  the  picture 
for  human  nutrition  in  the  decades 
ahead. 

A  third  kind  of  technological  im- 


provement that  will  exert  an  impact 
on  forestry  is  advances  in  under- 
standing the  physical  and  chemical 
attributes  of  wood  and  wood  fiber. 
Unleashing  this  knowledge  will  lead 
to  moving  away  from  the  use  of  wood 
in  traditional  forms  that  required 
many  trees  of  large  size  to  produce 
solid  wood  products. 

Use  of  reconstituted  materials  to 
replace  lumber  and  plywood,  paper 
processes  that  are  less  demanding  on 
species  mix  for  raw  materials,  ex- 
panded use  of  trees  for  chemicals, 
and  expanded  use  of  nontraditional 
species  such  as  guayule  will  all  be 
commercially  common  within  the 
next  couple  of  decades. 

Critical  Environmental 
Trends  at  Hand 

These  trends  include  tropical  defores- 
tation, desertification,  and  atmos- 
pheric deposition.  Briefly,  on  each  of 
these  issues  there  is  controversy  over 
the  present  and  future  magnitude  of 
the  problem,  its  cause,  and  its  impact. 
Although  there  may  be  debate  over 
each  of  these,  however,  the  focal 
point  of  environmental  concerns  on  a 
global  basis  is  directly  related  to  the 
potential  role  of  forestry  as  a  tool  for 
economic  development.  Although  the 
magnitude  of  these  concerns  is  argu- 
able, they  cannot  be  ignored. 

Tropical  Deforestation.  The 

rate  of  harvesting  commercial  timber, 
converting  forest  land  to  agriculture, 
and  cutting  wood  for  fuel  has  ex- 
ceeded the  rate  of  natural  or  artificial 
regeneration  of  forests  in  the  tropics. 
The  World  Conservation  Strategy 
published  in  1980  by  the  Interna- 
tional Union  for  Conservation  of  Na- 
ture and  Natural  Resources  (IUCN) 
cites  the  following: 

An  extreme  view  of  the  tropical  de- 
forestation issue  is  that  at  the  current 
rate  of  felling  and  burning,  this  forest 
type  will  have  disappeared  within  85 
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Total  Closed 
Forests 

Operable  Hardwood 
Forests 

Region 

Area 
projected  to 

be  lost 
1975-2000 

Percentage 

of  1975 

area 

Area 
projected  to 

be  lost 
1975-2000 

Percentage 

of  1975 

area 

(1,000  ha) 

Percent 

(1 ,000  ha) 

Percent 

West  Africa 

6,600 

47.1 

6,600 

54.7 

Centrally  planned 
tropical  Asia 

6,300 

29.1 

6,600 

35.7 

South  Asia 

16,400 

23.0 

13,600 

27.9 

East  Africa  and  Asia 

3,300 

17.8 

3,200 

50.4 

Insular  Southeast  Asia 

21 ,600 

16.5 

20,000 

26.3 

Central  America 

10,900 

13.4 

4,600 

23.9 

Tropical  South  America 

64,200 

12.0 

57,300 

13.3 

Continental  Southeast 
Asia 

4,100 

10.6 

4,000 

13.3 

years.  In  contrast,  Sedjo  and 
Clawson1  claim,  "The  data  suggest 
little  possibility  of  the  world  running 
out  of  forests  or  even  of  major  regions 
being  dramatically  denuded  in  any 
reasonable  time  horizon.  However, 
there  may  be  excessive  rates  of  defor- 
estation occurring  in  certain  regions, 
particularly  in  some  tropical  areas." 

Like  most  conclusions  drawn  on  a 
global  basis,  this  misses  the  more  im- 
portant point  that  variation  between 
countries  is  tremendous.  Many  tropi- 
cal countries  will  have  major  short- 
ages of  wood  in  the  near  future  if 
limitations  on  clearcutting  do  not  re- 
ceive immediate  attention.  In  some 
areas  the  problems  are  acute,  the  so- 
lutions are  both  difficult  and  costly, 
and  the  problem  will  continue  for 
several  decades. 

Desertification.  A  counterpart  to 
the  issue  of  tropical  deforestation  is 
reduction  of  vegetation  on  drylands, 
where  animals  and  plants  live  under 
stress  from  low  rainfall  and  high  evapo- 
transpiration.  According  to  IUCN,  de- 


sertification currently  threatens  the 
welfare  of  628  million  people.  "Re- 
gions already  in  the  grip  of  desertifi- 
cation or  at  high  to  very  high  risk 
cover  ...  an  area  twice  the  size  of 
Canada." 

The  impacts  of  desertification  are, 
of  course,  reduced  food  supply,  elimi- 
nation of  locally  available  fuel,  and 
siltation  of  waterways  and  reservoirs. 

The  relationship  between  desertifi- 
cation and  development  is  insidious. 
Most  of  the  countries  classified  by  the 
United  Nations  as  least  developed  are 
found  in  two  areas  called  the  poverty 
belts.  One  of  these  stretches  across 
Africa  from  the  Sahara  to  Lake  Ny- 
asa.  The  other  area  ranges  from  Af- 
ghanistan to  South  Asia  including 
parts  of  Burma,  Cambodia,  Vietnam, 
and  India.  Much  of  these  two  belts 
lies  in  arid  areas,  which  are  most  sen- 
sitive to  misuse  of  the  land  and  ulti- 
mately desertification. 

The  United  Nations  Conference  on 
Desertification  held  in  Nairobi  in 
1977  devised  a  plan  to  deal  with  the 
many  ramifications  of  both  prevention 
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and  rehabilitation  of  dryland  areas.  To 
date,  progress  in  implementing  that 
plan  has  not  kept  pace  with  the  pres- 
sures on  these  lands.  This  problem 
too  will  remain  well  beyond  the  year 
2000. 

Atmospheric  Deposition.  Re- 
cently, much  is  being  heard  about  de- 
cline in  the  vigor  and  growth  of  for- 
ests in  North  America  and  Western 
Europe.  Little  is  known  about  this 
phenomenon,  but  it  is  being  attrib- 
uted to  atmospheric  pollution.  The 
impacts  of  acidic  deposition  on  plants 
range  from  interference  with  repro- 
ductive processes  to  increased  sus- 
ceptibility to  stress  and  to  damage  to 
leaf  surfaces  and  tissues  that  ulti- 
mately affect  growth  rates. 

Although  there  has  been  docu- 
mented evidence  of  reduced  growth 
in  forests  and  simultaneous  mortality 
of  all  age  classes  of  trees  in  a  region, 
scientists  disagree  on  the  cause  and 
effect  and  the  potential  magnitude  of 
the  problem.  If  the  condition  of  for- 
ests in  parts  of  Germany,  Austria,  and 
Switzerland  declines  further  and  if 
the  decline  expands  into  neighboring 
countries  and  in  North  America,  this 
condition  could  have  significant  im- 
pact on  wood  supply,  prices,  and  in- 
ternational trade. 

It  is  impossible  to  predict  the  path 
this  condition  will  take  in  the  future, 
but,  if  there  are  potential  wood-supply 
shortage  problems  in  the  future,  they 
can  only  be  exacerbated  by  forest  de- 
cline resulting  from  atmospheric  dep- 
osition. This  problem  has  received 
much  attention  from  the  press.  If  a 
cause-and-effect  relationship  is  con- 
vincingly illustrated,  legal  measures 
will  likely  be  instituted  fairly  quickly. 

Research— the  Key  to 
Expanding  Forest 
Resources 

Two  conclusions  from  the  previous 
trends  are  inescapable: 


First,  the  world  demand  on  forest 
resources  will  increase.  Second,  the 
United  States,  along  with  others,  will 
play  a  critical  role  in  meeting  this  de- 
mand. Yet  if  past  trends  in  the  supply 
of  U.S.  forest  resources  continue,  the 
United  States  will  fall  short  in  its 
ability  to  meet  this  need.  In  fact,  it 
will  fall  short  in  its  ability  to  meet 
even  domestic  requirements  without 
substantial  increases  in  prices  unless, 
as  a  nation,  attention  is  turned  to  the 
improved  management  of  our  forests. 

While  much  can  be  done  through 
more  intensive  application  of  existing 
technology,  there  is  also  a  need  for 
research  aimed  at  improving  the 
availability  of  forest  resources  over 
time. 

Three  areas  of  research  can  signifi- 
cantly improve  the  availability  of  for- 
est resources  at  reasonable  prices. 

The  first  area  is  that  directly  related 
to  the  improvement  of  growth  of  for- 
est stands.  This  ranges  from  improve- 
ments in  regeneration  techniques  to 
improve  survival  of  young  trees  to  de- 
velopment of  improved  genetic  stock 
and  to  improved  prevention  of  dam- 
age from  fire  and  insect  and  disease 
pests.  Gains  from  developing  and 
planting  genetically  improved  stock, 
for  example,  would  increase  timber 
yield  per  acre  by  about  25  percent 
over  current  rates  of  growth. 

A  second  area  of  research  deals 
with  advances  in  the  products  manu- 
factured from  forest  resources.  Here 
the  potential  is  limited  only  by  the  vi- 
sion of  the  researchers.  Substantial 
improvement  in  reducing  the  suscep- 
tibility of  wood  to  decay  could  im- 
prove the  useful  life  of  products  from 
housing  to  utility  poles.  Particularly 
exciting  is  the  prospect  of  using  wood 
as  a  basis  for  chemical  feedstocks 
that  would  replace  nonrenewable  re- 
sources. Alcohol  and  other  potential 
fuels  are  already  being  made  from 
wood.  Research  is  needed  to  make 
these  processes  economically 
competitive. 
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A  research  technician  determines  the  phi 
of  a  take  in  a  study  of  the  effect  of  acid 
precipitation  on  inland  waters. 

The  third  major  area  of  research 
deals  with  understanding  the  impacts 
of  nonforestry-related  activities  on  for- 
est land.  Better  techniques  are 
needed  for  decreasing  the  impacts  of 
tourism  on  the  landscape  while  im- 
proving the  recreation  experience. 

Already,  interesting  and  productive 
work  is  being  done  on  developing  a 
better  understanding  of  the  effects  of 
acid  rain.  This  work  will  undoubtedly 
lead  to  solutions  for  mitigating  the 
impact  of  this  byproduct  of  industrial 
growth. 

The  direct  and  indirect  impacts  on 
our  forest  from  an  increasing  popula- 
tion— more  mobile,  more  industrial, 
more  urban — cry  out  for  the  applica- 
tion of  imaginative  approaches  to  us- 
ing and  protecting  our  valuable  forest 
resources.  Through  research  and  wise 
management,  this  cherished  portion 
of  our  landscape  will  serve  us  well 
through  future  decades. 


'Sedjo,  Roger  A.  and  Marion  Clawson. 
Global  Forests.  (Unpublished  discussion 
paper.)  Resources  for  the  Future,  Wash- 
ington, DC.  1983. 
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The  modern  forest  manager  must 
be  increasingly  sensitive  to  soci- 
ety's changing  view  of  the  forest  re- 
source. As  lands  that  were  forest  are 
devoted  to  other  uses  such  as  agricul- 
ture or  roads,  the  forest  land  base 
grows  smaller.  Yet  the  outlook  is  not 
bleak.  Much  of  our  forested  land  is 
producing  at  only  30  percent  of  its 
capability.  So  even  in  the  face  of  de- 
clining forest  acreage,  there  is  plenty 
of  room  for  improvement  in  the  use  of 
the  land  now  growing  trees.  New  for- 
est products,  such  as  flakeboard,  use 
trees  or  parts  of  them  once  thought  of 
as  waste.  Possibly  just  as  important, 
research  is  providing  new  tools  that 
will  increase  the  efficiency  of  forest 
management. 

New  management  direction  from 
an  enlightened,  concerned  populace, 
new  uses  for  forest  products,  and  new 
management  tools,  taken  together, 
suggest  that  the  21st  century  will  be 
the  age  of  scientific,  comprehensive 
forest  management  in  the  United 
States. 

Selective  Tree  Breeding 

For  about  60  years  scientists  have 
been  studying  the  genetic  makeup  of 
forest  trees  in  the  hope  of  learning 
how  to  breed  them  for  faster  growth, 
improved  wood  quality,  improved  spe- 
cies adaptability,  and  greater  resist- 
ance to  disease.  Several  break- 
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how  to  breed  them  for  faster  growth, 
improved  wood  quality,  improved  spe- 
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throughs  have  already  occurred.  In 
southern  pines  being  grown  for  pulp- 
wood,  our  scientists  have  charted 
growth  rates  40  percent  above  normal 
in  genetically  improved  stock.  Pine 
strains  with  natural  resistance  to  sev- 
eral native  diseases,  including  fusi- 
form rust,  also  have  been  located.  But 
timber  management  is  still  hindered 
by  both  insect  and  disease  pests  and 
by  the  poor  adaptation  of  forest  trees 
to  a  particular  growing  site. 

Now  that  genetics  research  has 
identified  "super"  trees  in  several 
commercially  important  species, 
breeding  programs  will  enable  the 
production  of  seed  from  these  trees  in 
quantity.  Eventually  all  reforestation 
will  be  done  with  genetically  superior 
stock.  Growth  gains  of  60  to  70  per- 
cent should  be  possible.  Through  se- 
lective tree  breeding,  the  forest  of  the 
21st  century  will  have  increased  re- 
sistance to  pests. 

The  New  Biotechnology 

Trees  are  so  big  and  take  such  a  long 
time  to  reach  reproductive  maturity 
that  improving  their  genetic  makeup 
through  conventional  methods  is 
time-consuming  and  expensive.  Re- 
cent advances  in  genetic  engineer- 
ing— called  the  new  biotechnology — 
will  help  short  circuit  the  long  breed- 
ing cycle  of  trees.  Instead  of  relying 
on  natural  selection  to  improve  the 
gene  pool  over  centuries,  they  can 
isolate  the  genes  that  control  desira- 
ble features  in  a  superior  tree  and 
transfer  that  genetically  coded  mate- 
rial to  ordinary  trees. 

One  method  for  transferring  desira- 
ble characteristics  uses  "Ti"  plasmids 
from  the  soilborne  bacterium  Agro- 
bacterium  tumefaciens.  The  "Ti"  plas- 
mid  is  a  natural  carrier  that  routinely 
inserts  new  genetic  material  into 
plant  cells  and  normally  induces  tu- 
mors in  such  plants.  Through  the 
new  biotechnology,  however,  scien- 
tists can  now  insert  useful  genes  into 


The  node  of  a  greenhouse-grown  eastern 
cottonwood  develops  an  axillary  shoot  and 
callus  tissue  in  vitro.  Such  cultures  supply 
starting  tissues  for  research  about  genetic 
engineering  of  specific  traits  such  as 
herbicide  stress  resistance. 


the  "Ti"  plasmid  and  have  the  plas- 
mid  transfer  them  into  a  forest  tree. 
There  is  good  evidence  that  herbicide 
tolerance  can  be  incorporated  into 
forest  trees  directly  by  using  genetic 
engineering  techniques  such  as  the 
"Ti"  plasmids.  If  our  research  is  suc- 
cessful, trees  will  grow  that  can  sur- 
vive exposure  to  the  herbicides  used 
to  control  competing  vegetation. 

In  the  last  few  years,  "osmoprotec- 
tant"  genes  have  been  identified  and 
isolated  in  cells  of  bacteria.  These 
osmoprotectant  genes  allow  certain 
organisms  to  cope  effectively  with 
drought  and  cold  stress.  In  the  fu- 
ture, it  will  be  feasible  to  transfer  osmo- 
protectant genes  into  forest  trees, 
making  it  possible  to  extend  the  com- 
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mercial  range  of  certain  species  into 
areas  too  dry  or  cold  for  them  now. 

Genetic  engineering  will  help  boost 
growth  rates  in  pines  and  firs  by 
tricking  them  into  fixing  their  nitro- 
gen requirements  out  of  thin  air! 
Some  tree  species  can  fix  atmos- 
pheric nitrogen  naturally,  but  this  is 
not  a  characteristic  of  conifers.  If  sci- 
entists find  a  way  to  pass  this  capabil- 
ity to  pines  and  firs  from  species  that 
already  possess  the  trait,  they  will  be 
making  an  improvement  on  nature 
that  would  greatly  reduce  the  cost  of 
fertilization  and  forest  management 
in  general. 

Soon  it  will  be  possible  to  identify 
the  gene  or  genes  responsible  for  re- 
sistance to  certain  forest  tree  dis- 
eases. Once  identified,  such  genes 
can  be  isolated,  reproduced,  and 
transferred  into  nonresistant  forest 
trees.  The  resulting  decrease  in  the 
number  of  trees  now  lost  to  forest 
pathogens  (disease-causing  agents) 
will  go  a  long  way  toward  improving 
that  30  percent  production  capability 
of  our  forested  land. 

Understanding  Tree 
Physiology 

Advances  in  the  science  of  tree  stress 
physiology  are  changing  our  under- 
standing of  how  trees  resist  cold, 
drought,  and  disease  and  insect  at- 
tack. Such  knowledge  helps  us  under- 
stand not  only  how  plants  function 
but  also  why  certain  plants  grow 
where  they  do  and  why  they  respond 
to  different  environments  as  they  do. 
That  information,  in  turn,  helps  in 
the  selection  and  development  of 
trees  that  are  resistant  to  drought, 
cold,  insects,  and  diseases. 

Stress  physiology  is  related  to  the 
broader  field  of  ecophysiology  of 
trees — the  study  of  the  interactive  re- 
lationship between  trees  and  their  en- 
vironment. In  other  words,  ecophysi- 
ologists  try  to  determine  how  the 
environment  influences  the  place- 


ment, nature,  and  function  of  the 
plants  in  it.  Forest  scientists  are  only 
beginning  to  understand  these  com- 
plex relationships  and  how  they  alter 
them  when  they  manipulate  forest 
stands,  for  example,  by  thinning  or 
fertilization.  The  operating  procedure 
in  the  past  has  been  primarily  to 
change  the  forest  environment 
through  vegetation  manipulation  and 
then  observe  the  reaction  of  the 
vegetation. 

Ecophysiology  examines  the  direct 
effects  of  the  manipulation — changes 
in  water  relations,  energy  balances, 
temperature,  air  movement — and  re- 
lates these  factors  to  the  reaction  of 
the  vegetation.  Through  ecophysiol- 
ogy, forest  managers  can  expect  to 
accurately  predict  how  plant  life  will 
react  to  treatments  on  specific  sites. 
Knowing  those  reactions  in  advance 
will  help  in  choosing  management  al- 
ternatives that  precisely  match 
objectives. 

New  Research  Trend 

Forest  biology  research  is  advancing 
rapidly  along  several  fronts  in  the  late 
20th  century.  However,  the  trend  is 
definitely  away  from  research  that 
concentrates  on  specific  treatments  at 
a  specific  site  with  extrapolation  of 
results  to  the  whole  area,  type,  or 
habitat. 

Instead,  modern  measurement, 
analysis,  and  the  use  of  computer 
modeling  are  enabling  forest  biolo- 
gists to  measure  basic  physical  factors 
that  control  or  prompt  changes  in  the 
forest.  Then  changes  in  these  factors 
can  be  directly  related  to  forest  devel- 
opment. Better  understanding  of 
these  physical  forces  in  the  environ- 
ment and  how  to  manipulate  them  to 
change  the  response  of  plants  will 
take  us  to  a  level  of  forest  manage- 
ment sophistication  not  even  contem- 
plated just  a  decade  ago. 
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Techniques 
for  Future 
Decision  - 
making  in 
Range,  Wildlife, 
and  Fisheries 
Management 

James  M.  Sweeney,  wildlife  and 
fisheries  specialist,  and  Gale  L. 
Wolters,  range  scientist,  Forest 
Environment  Research  Staff,  Forest 
Service 

Commercial  and  recreational  de- 
mands for  wildlife,  fish,  and 
range  resources  have  increased  signif- 
icantly during  recent  years,  and  the 
upward  trends  are  expected  to  con- 
tinue. For  example,  approximately  18 
million  fur  pelts  were  harvested  in 
the  1979-80  trapping  season,  2.6 
times  that  harvested  in  1971.  Annual 
salmon  harvests  reached  over  600 
million  pounds  in  the  late  1970's  and 
early  1980's,  considerably  above  the 
200  to  400  million  pounds  common  in 
the  preceding  25  years.  The  number 
of  hunting  and  fishing  licenses  pur- 
chased has  increased  almost  50  per- 
cent in  the  last  20  years.  Similarly, 
the  demand  for  forage  on  public 
rangelands  has  increased  about  15 
percent  since  1980.  The  legal  man- 
dates to  protect  wild  horses  and  bur- 
ros and  conserve  threatened  and  en- 
dangered plants  also  intensified  the 
demand  for  rangeland  resources,  as 
did  the  growing  concern  for  an  ade- 
quate supply  of  quality  water,  clean 
air,  and  open  space. 

Loss  of  Forests  and 
Rangelands 

The  intensified  use  of  forests  and 


rangelands  for  production  of  other 
goods  and  services  such  as  urban  de- 
velopment, transportation  systems, 
and  extraction  of  minerals  and  fossil 
fuels  is  having  a  significant  impact  on 
our  wildlife  and  fish  habitat  and 
range  resources. 

The  Environmental  Protection 
Agency  estimates  that  as  much  as  2 
million  acres  of  wildlife  and  fish  habi- 
tat will  be  lost  annually  between  now 
and  the  year  2,000.  Nearly  half  of  the 
wetlands  that  once  existed  in  the 
continental  United  States  are  gone, 
and  quality  of  many  of  the  remaining 
areas  has  been  seriously  compromised. 

More  than  half  of  the  rangeland  in 
the  lower  48  States  is  in  unsatisfac- 
tory condition  and  producing  less 
than  40  percent  of  its  natural,  poten- 
tial forage,  wildlife  habitat,  and  water. 
Intensive  timber  production,  which 
harvests  stands  at  younger  ages,  re- 
duces plant  species  diversity  and  di-  '. 
minishes  habitat  for  wildlife  depend- 
ent on  older,  less  vigorous  forest 
communities.  Approximately  180  ver- 
tebrate species  in  the  United  States 
are  listed  as  actually  or  potentially  in 
danger  of  extinction,  as  are  nearly  80 
species  of  terrestrial  plants. 

These  numbers  may  increase  dras- 
tically unless  specific  management 
strategies  are  implemented  to  suc- 
cessfully interweave  wildlife,  range, 
and  fish  goals  with  other  land-use 
objectives. 

Multiple-use 
Management 

In  the  face  of  increasing  demands  for 
all  forest  and  rangeland  products,  in- 
cluding timber,  fiber,  energy,  wildlife, 
grazing,  fisheries,  water,  and  recrea- 
tion, and  a  decreasing  land  base  for 
the  production  of  these  natural  re- 
sources, managers  can  no  longer  af- 
ford the  laissez  faire,  single-resource 
approach  to  management  that  was 
typical  in  the  past.  Planning  and 
management  for  any  single  resource 
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must  include  consideration  and  ad- 
justment for  associated  resources. 
This  managerial  strategy  was  made 
binding  by  a  series  of  recent  laws 
aimed  at  resource  integration:  Na- 
tional Environmental  Policy  Act  of 
1969,  Wild  Horses  and  Burros  Protec- 
tion Act  of  1971,  Endangered  Species 
Act  of  1973,  Forest  and  Rangelands 
Renewable  Resources  Planning  Act  of 
1974,  National  Forest  Management 
Act  of  1976,  Federal  Land  Policy  and 
Management  Act  of  1976,  Public 
Rangelands  Improvement  Act  of 
1978,  and  Fish  and  Wildlife  Conser- 
vation Act  of  1980.  As  a  result,  man- 
agers are  now  in  an  era  of  coordi- 
nated, intensive  forest  and  rangeland 
management  in  which  interdiscipli- 
nary planning  is  an  important  ele- 
ment, if  not  a  legal  mandate. 

Multiple-use  is  not  a  new  theory, 
nor  is  it  a  difficult  concept  to  grasp. 
Initiating  such  a  program,  however, 
involves  addressing  a  maze  of  social, 
political,  and  biological  concerns  and 
alternatives.  This  decision  labyrinth  is 
so  complex  and  continually  changing 
that  it  almost  defies  solution.  But  this 
challenge  must  be  met. 

Research  for  Better 
Management 

Research  conducted  by  the  U.S.  De- 
partment of  Agriculture's  Forest  Serv- 
ice and  State  agricultural  experiment 
stations  is  providing  an  ever-expand- 
ing wealth  of  new  knowledge  and 
management  guides  on  the  relation- 
ships between  differing  land  uses  and 
probable  consequences  of  alternative 
management  prescriptions.  For  exam- 
ple, they  are  collecting  information  on 
the  influences  of  various  forest  and 
range  management  strategies  on 
short-  and  long-term  timber  and  for- 
age production,  water  yield  and  qual- 
ity, sediment  yield,  wildlife  and  fish 
habitat  value,  and  local  socioeconomic 
stability.  This  and  other  detailed  tech- 
nical information  is  being  compiled 


and  stored  in  computer  systems, 
making  the  information  readily  acces- 
sible to  managers.  In  addition,  nu- 
merous models  or  computer-based 
tools  are  being  developed  using  these 
newly  quantified  relationships  that  al- 
low resource  managers  to  manipulate 
this  new  knowledge  base  and  present 
it  in  a  comprehensive  form  for  analy- 
sis of  management  alternatives. 

These  models  differ  greatly  in  style 
and  complexity.  The  more  complex 
simulation  models  rely  on  a  complete 
understanding  of  vegetation  growth 
patterns  and  responses  to  manage- 
ment to  project  future  plant  commu- 
nities, successional  stages,  and  habi- 
tat conditions.  STEMS  and  its 
microcomputer  counterpart,  TWIGS, 
are  forest  stand  simulation  models  de- 
veloped to  help  small  landowners  pre- 
dict what  will  happen  to  their  forest 
stand  if  they  harvest  trees. 
FORPLAN  (Forest  Plan  Simulator)  is 
a  larger,  more  complex  forest  simula- 
tion model  used  to  predict  results  of 
forest  management  on  entire  National 
Forests.  By  including  wildlife  habitat 
capability  models  in  STEMS  or 
FORPLAN,  landowners  also  can  pre- 
dict influences  on  wildlife  such  as 
squirrels,  woodpeckers,  deer,  and 
turkey. 

Habited  Capability  Models. 

These  models  include  specific  infor- 
mation on  the  relationships  between 
resources  (such  as  how  soil,  plants, 
and  animals  are  affected  by  the 
amount  and  quality  of  each  resource), 
and  measure  the  ability  of  a  specific 
forest,  rangeland,  pond,  or  stream  to 
support  a  mixture  of  renewable  re- 
sources. Habitat  capability  models, 
when  driven  by  accurate  and  com- 
plete technical  information  databases 
and  combined  with  simulation 
models,  are  powerful  tools  for  natural 
resource  managers.  They  can  quickly 
examine  a  wide  variety  of  manage- 
ment alternatives  and  correcdy  pro- 
ject the  influence  of  management  of 
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each  individual  renewable  resource, 
including  wildlife  and  fish  species, 
over  a  broad  spectrum  of  forest  and 
rangeland  ecosystems.  In  addition,  ta- 
bles and  graphs  produced  by  these 
models  allow  resource  managers  to 
more  clearly  document  and  describe 
recommendations  and  anticipated  re- 
source responses  to  colleagues,  supe- 
riors, and  the  public. 


Research  Challenges.  Long- 
term  forecasting  of  resource  outputs 
using  these  tools  assumes  that  plant 
community  simulations  and  animal- 
to-habitat  relationships  are  fully 
understood  and  accurate  enough  to 
let  managers  reach  reasonable  con- 
clusions about  the  multiple-resource 
productivity  of  forest  and  rangeland 
conditions. 

The  underlying  basic  ecological  re- 
lationships, however,  have  not  been 
fully  tested  in  some  community  types 
and  successional  stages.  An  emi- 
nently imposing  research  challenge  is 
to  develop  a  comprehensive  under- 
standing of  how  plant  growth  is  regu- 
lated and  how  it  responds  to  environ- 
mental extremes.  Also,  little  is  known 
about  the  specific  habitat  require- 
ments of  many  rare  or  particularly  se- 
cretive wildlife  and  fish  species. 


These  gaps  in  our  information  data 
base  pose  the  challenge  research 
must  meet  in  the  next  decade.  Exist- 
ing models  must  be  tested  and  re- 
fined, and  new  models  developed 
where  none  exist.  Inherent  in  this  ob- 
jective is  continued  examination  of 
water,  soil,  plant,  and  animal  relation- 
ships in  forest  and  rangeland 
ecosystems. 

Forest  Service  scientists  are  investi- 
gating new  methods  for  efficiently 
and  accurately  monitoring  wildlife 
and  plant  communities  to  provide  the 
tools  to  test  and  refine  our  models 
and  management  practices.  Other 
scientists  are  testing,  refining,  and  re- 
testing  habitat  models  for  anadro- 
mous  fish,  song  birds,  and  endan- 
gered species  by  studying  in  ever 
greater  detail  where  these  animals 
live,  feed,  and  reproduce. 

The  computer  models  of  tomorrow 
will  then  produce  results  that  are 
consistent  and  accurate  enough  to 
serve  as  valid  tools  for  the  display  of 
multiple-resource  tradeoffs.  In  their 
current  state  of  development,  these 
computer  tools  provide  only  general 
management  direction.  Management 
of  the  forests  and  rangelands  of  to- 
morrow, however,  will  require  the  use 
of  more  sophisticated  models  contain- 
ing increasingly  detailed  data  and  ca- 
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Computer  models  help  resource  managers  estimate  future  conditions  of  plant 
communities  and  wildlife  habitats  like  this  native  grassland  in  Montana. 
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pable  of  more  critical  analyses  of 
management  alternatives. 

Challenges  to  Managers 

More  sophisticated  models  do  not 
mean  that  the  range  manager  or  the 
wildlife  or  fisheries  biologist  of  the  fu- 
ture will  simply  be  a  mechanic 
punching  keys  at  a  computer  termi- 
nal. On  the  contrary,  the  life  of  the 
professional  natural-resource  manager 
will  be  more  exciting  and  challenging 
because  of  the  vastly  superior  infor- 
mation base  to  work  with  and  the 
tools  to  use  that  information  properly. 
Data  bases,  habitat  capability  models, 
and  simulation  models  will  supple- 
ment the  resource  manager's  knowl- 
edge, not  replace  it. 

There  will  still  be  hard  choices  to 
make.  Natural  resource  managers  will 
still  face  a  dilemma:  how  to  arrive  at 
the  best  decision  when  many  of  the 
socioeconomic  variables,  so  important 
in  the  decisionmaking  process,  re- 
main intangible.  They  can't  have 
more  of  everything.  Compromise  will 
remain  a  must.  Effective  integrated 
management  requires  decisions 
which  implement  Federal  and  State 
laws  and  balance  resource  outputs 
with  public  needs  and  desires. 

Resource  management  will  not  be 
integrated  without  soul  searching, 
conflict,  and  goal  setting.  Data  bases 
and  models  will  vastly  help  with  sort- 
ing information,  identifying  alterna- 
tives, evaluating  consequences  of 
those  alternatives,  forecasting,  and  so 
forth.  But  they  are  only  tools;  they 
alone  will  not  integrate  the  manage- 
ment process.  Professional,  trained 
resource  managers  are  still  the  opera- 
tive element.  Only  through  a  con- 
certed effort  by  the  trained  manager 
will  all  resources  be  integrated  and 
true  multiple-use  management  be  re- 
alized. Through  research  today,  the 
resource  manager  of  forests  and 
rangelands  of  the  future  will  have  the 
tools  to  breach  the  maze. 


Forest  Land- 
Management 
Decisions 

Nelson  S.  Loftus,  Jr.,  -principal 
research  silviculturist,  Timber 
Management  Research  Staff,  Forest 
Service 


One-third  of  our  Nation's  total 
land  area  is  covered  by  forests, 
and  nearly  two-thirds  of  this  forest  is 
capable  of  growing  continuous  crops 
of  trees  and  other  forest  products. 
The  full  benefits  from  this  renewable 
resource,  however,  cannot  be  realized 
without  proper  forest  management 
supported  by  a  dynamic  research  pro- 
gram. Management  programs  are 
often  judged  to  be  good  or  bad  based 
on  how  they  affect  development  of  a 
forest  and  whether  this  forest  pro- 
vides the  mix  of  goods  and  services 
required  by  our  society. 

Forest  land  managers  have  long 
wished  for  a  view  of  the  future  forest 
that  reflects  the  consequences  of 
their  management  decisions.  Today, 
the  application  of  computer  technol- 
ogy to  the  quantitative  analysis  of  the 
forest  resource  gives  the  land  man- 
ager that  look  into  the  future.  Future 
advances  in  mathematical  modeling 
and  our  understanding  of  the  biologi- 
cal aspects  of  the  forest  will  increase 
the  precision  and  reliability  of  this 
forecasting. 

Computer  Models 

To  a  large  measure,  forest  land  man- 
agement has  historically  been  based 
on  our  ability  to  estimate  changes  in 
tree  growth  and  volume  yield  (pro- 
ductivity) in  response  to  specific  silvi- 
cultural  treatments.  In  the  last  two 
decades,  research  has  developed 
growth  and  yield  prediction  methodol- 
ogy using  new  computer  technology 
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pable  of  more  critical  analyses  of 
management  alternatives. 

Challenges  to  Managers 

More  sophisticated  models  do  not 
mean  that  the  range  manager  or  the 
wildlife  or  fisheries  biologist  of  the  fu- 
ture will  simply  be  a  mechanic 
punching  keys  at  a  computer  termi- 
nal. On  the  contrary,  the  life  of  the 
professional  natural-resource  manager 
will  be  more  exciting  and  challenging 
because  of  the  vastly  superior  infor- 
mation base  to  work  with  and  the 
tools  to  use  that  information  properly. 
Data  bases,  habitat  capability  models, 
and  simulation  models  will  supple- 
ment the  resource  manager's  knowl- 
edge, not  replace  it. 

There  will  still  be  hard  choices  to 
make.  Natural  resource  managers  will 
still  face  a  dilemma:  how  to  arrive  at 
the  best  decision  when  many  of  the 
socioeconomic  variables,  so  important 
in  the  decisionmaking  process,  re- 
main intangible.  They  can't  have 
more  of  everything.  Compromise  will 
remain  a  must.  Effective  integrated 
management  requires  decisions 
which  implement  Federal  and  State 
laws  and  balance  resource  outputs 
with  public  needs  and  desires. 

Resource  management  will  not  be 
integrated  without  soul  searching, 
conflict,  and  goal  setting.  Data  bases 
and  models  will  vastly  help  with  sort- 
ing information,  identifying  alterna- 
tives, evaluating  consequences  of 
those  alternatives,  forecasting,  and  so 
forth.  But  they  are  only  tools;  they 
alone  will  not  integrate  the  manage- 
ment process.  Professional,  trained 
resource  managers  are  still  the  opera- 
tive element.  Only  through  a  con- 
certed effort  by  the  trained  manager 
will  all  resources  be  integrated  and 
true  multiple-use  management  be  re- 
alized. Through  research  today,  the 
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land  area  is  covered  by  forests, 
and  nearly  two-thirds  of  this  forest  is 
capable  of  growing  continuous  crops 
of  trees  and  other  forest  products. 
The  full  benefits  from  this  renewable 
resource,  however,  cannot  be  realized 
without  proper  forest  management 
supported  by  a  dynamic  research  pro- 
gram. Management  programs  are 
often  judged  to  be  good  or  bad  based 
on  how  they  affect  development  of  a 
forest  and  whether  this  forest  pro- 
vides the  mix  of  goods  and  services 
required  by  our  society. 

Forest  land  managers  have  long 
wished  for  a  view  of  the  future  forest 
that  reflects  the  consequences  of 
their  management  decisions.  Today, 
the  application  of  computer  technol- 
ogy to  the  quantitative  analysis  of  the 
forest  resource  gives  the  land  man- 
ager that  look  into  the  future.  Future 
advances  in  mathematical  modeling 
and  our  understanding  of  the  biologi- 
cal aspects  of  the  forest  will  increase 
the  precision  and  reliability  of  this 
forecasting. 

Computer  Models 

To  a  large  measure,  forest  land  man- 
agement has  historically  been  based 
on  our  ability  to  estimate  changes  in 
tree  growth  and  volume  yield  (pro- 
ductivity) in  response  to  specific  silvi- 
cultural  treatments.  In  the  last  two 
decades,  research  has  developed 
growth  and  yield  prediction  methodol- 
ogy using  new  computer  technology 
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and  greater  analytical  expertise. 
Much  of  the  advancement  in  this 
area  occurred  because  of  the  need  for 
more  accurate  predictions  of  produc- 
tivity to  avoid  costly  errors  and  con- 
troversy and  to  increase  the  precision 
of  forest-management  planning.  Ad- 
vancement also  has  been  in  response 
to  increasing  numbers  of  knowledge- 
able users  and  new  areas  of  applica- 
tion. Traditional  yield  tables  that  em- 
phasized merchantable  timber 
(because  wood  was  the  primary  rea- 
son for  investment)  are  being  re- 
placed by  highly  sophisticated  com- 
puter models  that  consider  wildlife 
habitats,  watershed  protection,  recre- 
ation, pest  management,  and  esthet- 
ics, as  well  as  timber  values.  A  dis- 
cussion of  models  to  simulate  the 
natural  and  modified  development  of 
the  forest  and  their  use  in  making 
forest  land-management  decisions 
follows. 

Information  Needed.  What  in- 
formation about  a  forest  is  needed  to 
model  its  growth  and  yield?  The  fu- 
ture of  a  forest  depends  on  regenera- 
tion— the  establishment  of  seedlings; 
tree  growth  as  expressed  by  diameter, 
height,  and  volume  measurements; 
and  tree  mortality.  Development  of 
these  models  also  requires  knowledge 
of  forest  dynamics  and  the  analytical 
tools  for  summarizing,  analyzing,  and 
recording  the  complex  biological  in- 
teractions that  characterize  the  forest 
ecosystem.  The  task  of  simulating  the 
growth  and  development  of  the  forest 
becomes  even  more  complex  when 
managers  want  to  see  what  may  hap- 
pen if  they  engage  in  various  man- 
agement activities. 

Fortunately,  numerous  models  have 
been  developed  to  describe  the  pres- 
ent forest  and  predict  its  response  to 
change  resulting  from  human  activi- 
ties and  natural  events.  Using  these 
computerized  models,  an  inventory  of 
the  forest,  and  a  "what  if"  approach 
to  the  decisionmaking  process,  forest 


land  managers  can  now  generate  al- 
ternative forest-management  solutions 
to  many  complex  problems.  But,  the 
selected  course  of  action  is  still  based 
on  the  manager's  expertise;  the 
model  and  computer  program  are 
only  tools  facilitating  the  decision 
process. 

Future  Model  Uses.  In  the  fu- 
ture, forest  managers  will  use  models 
to  characterize  the  resource,  predict 
the  future  growth  and  development  of 
the  forest,  and  examine  the  likely 
consequences  of  management  activi- 
ties with  greater  and  greater  preci- 
sion. In  addition,  models  will  predict 
the  impacts  of  insects  and  diseases  on 
forest  development.  These  will  allow 
the  manager  to  evaluate  quickly  and 
economically  the  cost  and  potential 
benefits  of  alternative  pest-manage-    : 
ment  methods,  including  the  use  of 
genetically  resistant  planting  stock. 
The  integration  of  pest-management 
and  forest-growth  models  will  permit 
the  manager  to  compare  both  forest- 
management  and  pest-control  strate- 
gies in  terms  of  volume  growth  over 
time. 

Genetics  research  will  develop  pro- 
cedures to  quantify  improvements  in 
tree  growth  and  pest  resistance  in 
such  a  way  that  they  can  be  incorpo- 
rated into  yield-prediction  systems. 
Inclusion  of  genetic  gain  information 
into  growth  and  yield  models  will  per- 
mit estimates  of  increased  production 
based  on  differences  between  geneti- 
cally improved  and  nonimproved 
planting  stock  growing  under  various 
cultural  treatments.  With  these  ge- 
netic gain  benefit  estimates,  forest 
land  managers  can  assess  the  poten- 
tial value  of  improved  planting  stock 
("super"  trees)  in  their  operations  and 
determine  how  and  when  to  modify 
management  practices  to  maximize 
economic  returns. 

Increasingly,  regeneration  estab- 
lishment models  will  be  used  to  pre- 
dict expected  results  of  regeneration 
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prescriptions  and  project  the  growth 
and  development  of  seedlings  into  the 
mature  forest.  Combined  with  appro- 
priate growth  models,  managers  will 
be  able  to  test  site-preparation  treat- 
ments, evaluate  the  need  for  supple- 
mentary planting  or  seeding,  and 
project  not  only  the  number  of  seed- 
lings surviving  but  also  the  species 
composition  of  the  new  forest. 

Other  models  will  become  available 
that  tie  silviculture  to  wildlife  and 
watershed  management  concerns,  in- 
cluding descriptions  of  the  predicted 
understory  species,  animal  habitat  re- 
quirements, and  hydrologic  relation- 
ships. Use  of  such  models  will  permit 
land  managers  to  consider  (1)  how 
the  planned  management  of  the  trees 
will  affect  the  wildlife  habitat  values 
of  the  forest  and  the  hydrologic  char- 
acteristics of  the  watershed,  and 
(2)  how  managing  for  these  resources 
will  affect  the  development  of  trees. 

Finally,  the  usefulness  of  these  ad- 
vanced models  as  tools  for  making 
land-management  decisions  will  be 
greatly  reinforced  when  they  are 
linked  with  economic  models.  Here 
the  manager  of  the  future  will  supply 
the  current  resource  values  and  the 
related  costs  of  management  and  the 
computer  will  calculate  revenues. 
Economic  analyses  will  include  dis- 
counted costs  and  incomes,  net  pres- 
ent value,  the  benefit/cost  ratio,  and 
internal  rates  of  return  for  the  various 
management  strategies. 


information  for  the  purpose  of  making 
decisions,  that  is,  decision  support. 
Complete  stand  analysis  and  prescrip- 
tion procedures  will  be  developed  that 
not  only  provide  a  systematic  way  of 
measuring  and  evaluating  critical 
conditions  but  also  use  data  to  arrive 
at  recommended  treatment  alterna- 
tives. Using  forest  inventory  informa- 
tion, a  computer  program  will  do  the 
entire  job  of  analysis,  prescription, 
and  report  preparation.  Such  a  deci- 
sion-support system,  like  other  for- 
estry tools,  will  help  the  manager  to 
decide  among  the  alternatives  for 
treating  the  forest  on  the  basis  of  the 
best  projections  of  the  results  of  a 
decision. 

In  the  21st  century,  computers  will 
provide  increasingly  valuable  assist- 
ance to  the  forest  land  manager  in 
analyzing  the  data  necessary  to  per- 
form inventory,  appraisal,  economic 
analysis,  management  planning,  har- 
vest scheduling,  pest  management, 
regeneration,  and  other  tasks.  These 
models  of  the  future  will  make  it  pos- 
sible to  comprehend  and  analyze  the 
complex  biological  and  economic  rela- 
tionships found  in  the  forest.  As  a  re- 
sult, forest  land-management  deci- 
sions will  be  easier,  better,  and  based 
on  the  best  available  scientific 
knowledge. 


Decision-Support 
Systems 

Currently,  computer  applications  in 
forestry  are  typically  data-processing 
oriented;  that  is,  data  are  processed  to 
provide  information  used  to  make  a 
decision.  For  example,  a  manager  cal- 
culates the  volume  of  timber  on  an 
area  as  a  basis  for  planning  and  im- 
plementing a  harvest  schedule.  In  the 
future,  however,  computers  will  be 
used  more  to  analyze  the  processed 
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At  the 

Threshold  of 
Scientific 
Reforestation 

Stephen  E.  McDonald,  research 
forester,  Timber  Management 
Research  Staff,  Forest  Service 


The  term,  reforestation,  includes 
both  tree  planting  or  seeding  and 
natural  establishment  of  seedlings 
from  wild  seeds  or  sprouts  coming 
from  other  trees.  In  the  near  future, 
both  artificial  and  natural  reforesta- 
tion will  take  place  with  a  much 
greater  degree  of  precision  and  relia- 
bility than  has  been  possible  in  the 
past.  In  addition,  the  trees  that  do  be- 
come established  will  exhibit  higher 
survival  rates  and  grow  faster  than 
now. 

Both  forest  industry  and  Federal 
agencies  are  putting  considerable  re- 
search emphasis  on  more  reliable, 
precise  reforestation  for  the  simple 
reason  that  the  cost  of  reforestation  is 
rising  rapidly.  Not  only  are  labor,  ma- 
chines, and  tree  seed  and  seedling 
costs  going  up  steeply,  but  the  cost  of 
borrowing  money  also  has  risen 
sharply  in  recent  years.  The  need  is 
great  to  accomplish  reforestation  in- 
expensively, quickly,  and  reliably,  and 
to  assure  that  trees  grow  rapidly  fol- 
lowing establishment. 

Reforestation  Today 

In  the  United  States,  pioneering  re- 
search on  reforestation  began  in  the 
1920's  with  U.S.  scientists  adapting 
and  refining  German  reforestation 
practices.  The  body  of  information 
that  constitutes  U.S.  reforestation 
practice  at  the  present  time  is  based 
on  important  research  advances  from 
the  1930's  and  1940's.  Today's  meth- 


ods, conscientiously  applied  following 
time-tested  rules,  will  almost  guaran- 
tee successful  plantations  of  trees  un- 
der average  conditions.  But  even 
when  these  rules  are  followed  to  the 
letter,  often  disturbing  and  costly  var- 
iations in  reforestation  success  occur. 

Reforestation  in  the  21st 
Century 

In  contrast,  consistendy  reliable  es- 
tablishment of  fast-growing  planta- 
tions at  a  reasonable  cost  will  charac- 
terize reforestation  in  the  21st 
century.  Reforestation  will  no  longer 
follow  rules  for  average  sites  extrapo- 
lated from  controlled  studies  and  re- 
peated experience.  Each  reforestation 
project  will  be  designed  to  ensure 
success.  This  design  will  be  based  on 
detailed  physiological,  ecological,  and 
meteorological  knowledge  about  a 
specific  planting  site  and  the  specific 
seedlings  to  be  planted. 

This  informed,  detailed,  site-spe- 
cific approach  to  each  reforestation 
project  will  be  feasible  because  of 
rapid  advances  in  several  scientific 
fields. 

Improved  Methods  of  Meas- 
urement and  Data  Analysis. 

First,  improved  methods  of  measure- 
ment together  with  modern  data  stor- 
age, manipulation,  and  interpretation 
are  revolutionizing  our  ability  to  relate 
causes  to  effects.  Forest  scientists  can 
measure  some  things  more  accu- 
rately, and  can  quantify  others  for  the 
first  time.  These  measurements  are 
pooled  for  computer  analysis  that  al- 
lows comparisons  of  different  varia- 
bles or  combinations  of  variables  in 
ways  impossible  in  the  past.  These 
advances  mean  that  soon  foresters 
will  be  able  to  define  in  detail  the  rea- 
sons for  plantation  successes  or  fail- 
ures. As  their  data  bases  accumulate 
information  and  their  experience 
grows,  they  will  be  able  to  predict  ac- 
curately what  needs  to  be  done  in 
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each  reforestation  project  to  assure  a 
high  probability  of  success,  even 
when  conditions  deviate  from  the 
norm. 

Knowledge  of  Plant  Physiol- 
ogy.  Second,  we  are  now  in  a  period 
of  revolutionary  advances  in  the  bio- 
logical sciences.  New  breakthroughs 
in  our  knowledge  of  plant  physiology 
(function)  are  part  of  this  revolution. 
Dr.  Cleon  Ross,  Colorado  State  Uni- 
versity, has  estimated  that  the  present 
"half-life"  of  plant  physiology  knowl- 
edge is  only  about  3  years.  As  part  of 
this  phenomenon,  more  complete 
understanding  of  many  aspects  of 
plant  physiology  applicable  to  forestry 
and  forest  regeneration  is  rapidly 
evolving.  An  example  is  the  potential 
application  of  the  new  biotechnology 
to  forestry  discussed  earlier  in  this 
chapter.  Increased  understanding  of 
tree  stress  physiology,  mycorrhizal  re- 
lationships, and  interplant  competi- 
tion holds  great  promise  of  rapid 
technical  advancement  in  reforesta- 
tion in  the  near  future. 

Knowledge  of  Environment 
and  Ecology.  Finally,  researchers 
are  learning  much  about  the  inter- 
action between  seedlings  and  the  site 
they  inhabit.  Site  conditions  are  being 
measured  and  characterized  in  ways 
and  with  a  precision  impossible  only  a 
few  years  ago.  Site-condition  variation 
at  both  the  microclimatic  and  macro- 
climatic  levels  can  increasingly  be 
analyzed  and  predicted.  New  climato- 
logical  models  can  characterize  forest 
sites  on  an  acre-by-acre  basis.  Seed- 
ling source  and  morphology  are,  in- 
creasingly, being  selected  to  precisely 
accommodate  the  environment  at  the 
planting  site. 

New  Scientific  Era 

When  all  three  of  these  avenues  of 
advancement  in  reforestation  re- 
search— improved  methods  of  meas- 


urement and  data  analysis,  plant 
physiological  knowledge,  and  environ- 
mental-ecological knowledge — are 
brought  together,  we  will  have  en- 
tered a  new  era  in  reforestation.  It 
will  be  characterized  by  insights  into 
the  complex  interrelationships  be- 
tween environment,  seedling  condi- 
tion, and  seedling  genetics  that  are 
the  keys  to  a  regeneration  process  to 
provide  the  highest  probability  of  re- 
forestation success  and  rapid  tree 
growth.  Currently,  the  system  re- 
quires artistic  application  of  rules  of 
thumb  to  specific  situations.  In  the 
future,  we  will  apply  specific,  scien- 
tific prescriptions  to  specific  environ- 
mental situations.  The  present  art  will 
transform  into  science,  with  excellent 
results  produced  time  after  time  by 
precisely  adjusting  our  techniques  to 
each  given  planting  site,  year,  and 
seed  and  seedling  crop. 

Integrating  Advances 
into  Present  System 

Achieving  scientific  reforestation  is 
within  our  grasp  with  present  tech- 
nology. Learning  to  use  this  technol- 
ogy properly,  accumulate  the  data, 
and  interpret  it  will  take  time  and  re- 
search. It  is  worth  remembering, 
however,  that  a  tried  and  true  system 
is  in  operation  now.  Over  1.8  billion 
trees  were  planted  in  the  United 
States  in  1985.  The  task  is  not  only  to 
do  the  research  needed  to  develop  the 
new  technologies  for  reforestation  im- 
provement in  the  future,  but  also  to 
meld  these  advances  into  the  im- 
mense system  already  in  operation. 

Costs  of  Change.  Changing  to  a 
scientific  reforestation  process  will  be 
gradual.  It  will  also  be  expensive,  but 
this  does  not  mean  the  effort  will  not 
be  cost  affective.  Right  now,  each 
year,  millions  of  planted  tree  seed- 
lings die  after  planting,  thousands  of 
acres  of  careful  site  preparation  are 
lost,  many  trees  that  do  survive  grow 
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poorly,  thousands  of  acres  of  planta- 
tions where  trees  did  not  survive  have 
to  be  replanted.  All  these  shortcom- 
ings in  the  present  system  are  enor- 
mously costly  and  occur  on  all  forest 
lands,  without  regard  to  ownership. 
Even  the  most  rudimentary  calcula- 
tions show  that  an  increase  in  sur- 
vival rates  of  just  1  or  2  percent  will 
justify  a  considerable  research  effort. 
Also,  the  costs  of  effective  reforesta- 
tion research  are  quickly  recouped 
because  the  benefits  are  realized 
immediately. 

Res/stance  to  Change.  Another 
barrier  to  the  implementation  of  sci- 
entific reforestation  is  resistance  to 
change.  It  is  likely,  however,  that  the 
driving  forces  for  more  efficient,  ef- 
fective reforestation  described  earlier 
will  overcome  such  resistance  as  the 
benefits  of  new  procedures  become 
obvious. 

Benefits  of  Change.  Our  collec- 
tive stake  in  scientific  reforestation  is 
enormous.  Our  country  is  presently 
the  largest  importer  of  wood  in  the 
world.  This  is  a  completely  unneces- 
sary drain  on  our  economy.  The 
United  States  is  easily  capable  of 
growing  all  the  wood  it  will  ever  need 
if  cutover  lands  are  promptly  refor- 
ested, if  idle  lands  are  reforested,  and 
if  the  resultant  young  stands  are 
properly  managed.  It  has  only  to 
grasp  the  new  technological  tools  at 
hand  and  have  the  discipline  and  will 
to  change  to  become  fully  self-suffi- 
cient in  forest  products  in  the  21st 
century. 


Managing 
Future  Forests 
for  Wilderness 
and  Recreation 

Robert  C.  Lucas,  project  leader, 
Intermountain  Research  Station, 
Forest  Service,  Missoula,  MT 

National  opinion  surveys  have  doc- 
umented a  trend  of  increased 
public  interest  in,  and  support  for, 
wilderness  and  recreation  manage- 
ment of  our  forest  resource.  This  shift 
toward  a  larger  role  for  wilderness 
and  recreation  also  will  be  speeded  by 
increased  efficiency  in  commodity 
production  from  forests,  especially 
timber  production.  New  knowledge 
and  technology  will  enable  the  Nation 
to  meet  needs  for  timber  and  other 
commodities  on  fewer  acres  and  with 
less  impact  on  the  environment. 

Increased  Diversity 

Future  forests  will  provide  a  wide  va- 
riety of  recreational  opportunities  in 
settings  that  range  from  primitive  to 
highly  developed  and  include  every- 
thing in  between.  The  in-between 
settings,  in  particular,  will  need  to  be 
better  defined  and  more  intensively 
managed.  Such  settings  include  non- 
wilderness  lands  for  uses  such  as  hik- 
ing, horseback  riding,  bicycle  riding, 
ski  touring,  trailbiking,  hunting,  and 
fishing.  These  settings  will  help  meet 
important  needs  that  are  relatively 
neglected  now  and  provide  needed  al- 
ternatives to  recreational  use  of 
wilderness. 

The  whole  range  of  opportunities 
will  be  planned  and  managed  within 
the  Recreation  Opportunity  Spectrum 
framework  developed  over  the  last 
decade  by  Forest  Service  research  sci- 
entists. The  distribution  of  opportuni- 
ties across  the  spectrum  will  be  better 
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balanced  and  more  clearly  articulated. 
As  a  result,  alternatives  will  be  clearer 
to  the  public,  and  they  will  be  better 
able  to  match  opportunities  to  their 
needs  and  desires. 

Shift  from  Wilderness 
Designation  to 
Management 

Although  debate  will  continue  over 
appropriate  uses  of  specific  tracts  of 
land,  the  current  emphasis  on  wilder- 
ness allocation  (determining  which 
lands  will  be  designated  wilderness) 
will  decrease  in  the  future.  As  values 
and  technology  change,  ideas  about 
what  lands  should  be  wilderness  will 
continue  to  evolve.  But  more  and 
more  of  the  major  wilderness  desig- 
nation decisions  will  have  been  made 
by  the  end  of  this  decade. 

Management  of  lands  selected  as 
wilderness  will  become  critical  as  em- 
phasis shifts  away  from  the  wilder- 
ness designation  process.  Protection 
of  natural  wilderness  conditions  and 
provision  of  opportunities  for  high- 
quality  wilderness  experiences  will  be 
essential  to  do  what  was  intended  by 
wilderness  designation. 

Operation  of  Natural  Proc- 
esses. Allowing  dynamic  natural 
processes  to  operate  freely,  with  mini- 
mal human  interference,  is  critical  to 
perpetuate  natural  conditions  in  wil- 
derness. Fire,  in  particular,  needs  to 
play  its  natural  role  more  fully,  and 
this  will  require  continued  advances 
in  wilderness  fire-management  plan- 
ning. Research  on  fire  regimes  and 
fire  management  will  be  needed  to 
support  future  planning.  More  re- 
search also  will  be  needed  if  man- 
ager-ignited fires  are  to  become  a 
sensitive  tool  to  complement  lightning 
fires  in  areas  where  such  natural  fires 
must  be  limited. 

Limiting  Recreational  Visitor 
Impacts.  Also  essential  is  limiting 


impacts  to  the  wilderness  environ- 
ment caused  by  recreational  visitors. 
We  must  build  upon  and  extend  cur- 
rent knowledge  of  the  impact  process, 
of  the  relative  vulnerability  of  differ- 
ent types  of  locations,  and  of  how  dif- 
ferent visitor  actions  affect  resources. 
Research  so  far  has  shown  that  limit- 
ing amount  of  use  is  often  less  effec- 
tive in  managing  wilderness  than 
changing  the  type  of  use,  user  behav- 
ior, and  distribution  of  use. 

Limits  of  Acceptable  Change. 

The  Limits  of  Acceptable  Change 
(LAC)  approach  to  managing  wilder- 
ness carrying  capacity  recognizes  the 
need  to  focus  on  ecological  and  social 
conditions  resulting  from  use,  rather 
than  just  on  the  amount  of  use.  Us- 
ing LAC,  managers  take  a  variety  of 
actions  to  respond  to  identified  spe- 
cific problems  in  contrast  to  focusing 
on  controlling  the  amount  of  use. 
LAC,  very  recently  developed  by  sci- 
entists based  on  past  research,  will 
need  testing  and  further  develop- 
ment, but  it  offers  a  practical  way  of 
dealing  with  carrying-capacity  con- 
cerns. LAC  will  likely  become  the 
general  approach  to  managing  recrea- 
tional use  of  wilderness  in  the  future. 

High-Quality  Recreation 

Management  of  recreational  use,  not 
only  in  wilderness  but  all  across  the 
recreation  opportunity  spectrum,  will 
require  more  cooperation  between 
managers  and  visitors.  Information 
and  education  are  keys  to  involving 
the  public  more  in  protecting  re- 
sources and  reducing  user  conflicts  in 
the  areas  they  visit  and  treasure. 

Information  Could  Limit  Reg- 
ulation. New  technology  can  make 
information  about  alternative  areas  to 
visit  more  readily  available  to  the 
public.  Computers  have  already  been 
used  successfully  on  an  experimental 
basis  to  display  information  to  help 
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Research  will  enable  backpackers  and  other  National  Forest  visitors  to  enjoy  beautiful 
scenery  even  as  surrounding  areas  are  intensively  managed  for  timber  production 
and  other  forest-related  commodities. 


people  choose  places  to  go  based  on 
their  interests  and  preferences. 

Regulations  will  become  less  com- 
mon and  less  obtrusive.  Educating 
our  visitors  about  proper  behavior  on 
public  lands  and  communicating  ef- 
fectively with  them  will  be  the  foun- 
dation for  making  them  partners  in 
management,  not  passive  recipients 
of  authoritarian  regulation  and 
control. 

The  public  also  can  become  more 
involved  in  management  planning, 
helping  set  goals  and  select  strategies 
for  achieving  them.  Initial  efforts  in 
this  direction  in  the  management  of 
the  Bob  Marshall  Wilderness  in  Mon- 
tana are  promising. 

USB  of  Fees.  Fees  for  using  public 
land  for  recreation  will  become  more 
common.  If  fee  systems  are  properly 
developed,  they  can  enhance  coopera- 
tion between  the  public  and  man- 
agers. If  most  fees  are  used  to  protect 
and  manage  areas  people  care  about, 


support  for  these  charges  is  likely. 
Fees  can  become  an  effective  way  for 
the  public  to  help  achieve  their  goals. 
Fee  income  might  also  highlight  the 
growing  value  the  public  places  on 
recreation  and  wilderness. 

Integrating  Uses 

Commodity  uses  of  future  forests, 
such  as  timber  production  and  graz- 
ing, can  be  more  effectively  inte- 
grated with  many  types  of  outdoor 
recreation.  Visual  resources  (scenery) 
also  can  become  more  harmoniously 
related  to  commodity  uses.  Research 
must  develop  better  ways  to  create 
and  enhance  recreation  and  scenic 
values  while  managing  timber  and 
other  forest  commodities,  so  that 
managers  can  go  beyond  mitigation  of 
adverse  effects.  Silvicultural  tech- 
niques, for  example,  will  be  developed 
to  enhance  scenery  and  recreation 
opportunities  while  managing  for  tim- 
ber production.  Improved  knowledge 
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Recreational  use  of  National  Forest  Lands  not  set  aside  as  wilderness  is  likely  to 
increase  over  the  coming  decades;  settings  that  are  neither  primitive  nor  highly 
developed  will  see  more  intensive  management. 
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can  lead  to  more  positive  relations  be- 
tween commodity  production  and  rec- 
reation, making  them  complementary 
rather  than  competitive.  Better  identi- 
fication of  key  recreation  values  and 
sites  is  one  essential  element  of  more 
effective  integration  among  uses. 

More  Stable  Use? 

Many  types  of  outdoor  recreation  are 
growing  more  slowly  than  in  the  past. 
Hunting,  fishing,  wilderness  use,  and 
many  other  activities  appear  to  have 
plateaued  after  decades  of  rapid 
growth.  Newer  activities,  such  as 
snowmobiling,  cross-country  skiing, 
and  hang  gliding,  grew  very  rapidly  at 
first  but  now  have  leveled  off.  Chang- 
ing population  and  social  structure 
suggest  that  recreational  use  in  the 
future  may  be  more  stable  than  in  the 
past. 

If  use  stabilizes,  managers  will 
have  an  opportunity  to  solve  impor- 
tant problems  and  make  progress 
rather  than  just  struggling  to  keep  up 
with  escalating  patterns  of  use.  Some 
new  activities,  however,  probably  will 
develop  to  surprise  us. 

Visitor  Expectations 
Higher 

The  number  of  recreationists  may  not 
be  skyrocketing  in  the  future,  but  vis- 
itors are  likely  to  be  more  discriminat- 
ing. Their  expectations  for  quality  are 
likely  to  change  and  generally  be- 
come higher,  as  the  average  visitor 
becomes  more  experienced  and  com- 
mitted. Most  types  of  use  will  still 
grow,  although  more  slowly  than  in 
recent  years. 

Continuing  substantial  use  by  visi- 
tors seeking  quality  experiences  will 
provide  managers  of  recreation  and 
wilderness  in  future  forests  with  a 
difficult  challenge.  Meeting  it  suc- 
cessfully will  require  continuing  ad- 
vances in  scientific  knowledge  and 
technology. 


Protecting 
Forest 
Resources 
From  Disease 

Harry  R.  Powers,  Jr.,  chief  research 
plant  pathologist,  Forestry  Sciences 
Laboratory,  Forest  Services,  Athens, 
GA 

Nations  that  fail  to  protect  their 
forests  risk  serious  economic  and 
social  consequences.  That  is  why 
conservationists  work  hard  to  protect 
forests  from  overexploitation  and  un- 
wise use. 

Many  people  do  not  know,  however, 
that  forest  tree  diseases  can  be  even 
more  devastating  than  misuse.  Dis- 
eases carelessly  introduced  from  Eu^ 
rope  and  Asia  have  caused  billions  of 
dollars  of  lost  revenue  from  Americans 
forests,  and  modern  forest-manage- 
ment practices  have  worsened  the 
impact  of  some  of  our  native  tree  dis- 
eases. Perhaps  the  worst  examples  of 
introduced  diseases  are  chestnut 
blight  and  white  pine  blister  rust, 
which  were  brought  into  the  United 
States  around  the  turn  of  the  century. 
The  former  destroyed  our  most  valua- 
ble native  hardwood  species,  and  the 
latter  decimated  white  pine  stands 
from  New  England  to  the  Pacific 
Northwest.  Before  the  advent  of  high- 
yield  plantation  forestry,  fusiform  rust 
of  southern  pines  was  not  much  of  a 
problem.  Now  it  is  causing  over  $128 
million  a  year  in  damage  to  southern 
forests. 

Costs  Must  Be  Low 

The  devastation  of  forest  diseases  is 
easy  to  recognize;  the  appropriate 
corrective  action  is  less  apparent.  Al- 
though a  forest  may  be  worth  a  great 
deal,  each  individual  tree  in  it  is 
worth  little.  Even  in  the  South,  where 
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can  lead  to  more  positive  relations  be- 
tween commodity  production  and  rec- 
reation, making  them  complementary 
rather  than  competitive.  Better  identi- 
fication of  key  recreation  values  and 
sites  is  one  essential  element  of  more 
effective  integration  among  uses. 

More  Stable  Use? 

Many  types  of  outdoor  recreation  are 
growing  more  slowly  than  in  the  past. 
Hunting,  fishing,  wilderness  use,  and 
many  other  activities  appear  to  have 
plateaued  after  decades  of  rapid 
growth.  Newer  activities,  such  as 
snowmobiling,  cross-country  skiing, 
and  hang  gliding,  grew  very  rapidly  at 
first  but  now  have  leveled  off.  Chang- 
ing population  and  social  structure 
suggest  that  recreational  use  in  the 
future  may  be  more  stable  than  in  the 
past. 

If  use  stabilizes,  managers  will 
have  an  opportunity  to  solve  impor- 
tant problems  and  make  progress 
rather  than  just  struggling  to  keep  up 
with  escalating  patterns  of  use.  Some 
new  activities,  however,  probably  will 
develop  to  surprise  us. 

Visitor  Expectations 
Higher 

The  number  of  recreationists  may  not 
be  skyrocketing  in  the  future,  but  vis- 
itors are  likely  to  be  more  discriminat- 
ing. Their  expectations  for  quality  are 
likely  to  change  and  generally  be- 
come higher,  as  the  average  visitor 
becomes  more  experienced  and  com- 
mitted. Most  types  of  use  will  still 
grow,  although  more  slowly  than  in 
recent  years. 

Continuing  substantial  use  by  visi- 
tors seeking  quality  experiences  will 
provide  managers  of  recreation  and 
wilderness  in  future  forests  with  a 
difficult  challenge.  Meeting  it  suc- 
cessfully will  require  continuing  ad- 
vances in  scientific  knowledge  and 
technology. 


Protecting 
Forest 
Resources 
From  Disease 

Harry  R.  Powers,  Jr.,  chief  research 
plant  pathologist,  Forestry  Sciences 
Laboratory,  Forest  Services,  Athens, 
GA 

Nations  that  fail  to  protect  their 
forests  risk  serious  economic  and 
social  consequences.  That  is  why 
conservationists  work  hard  to  protect 
forests  from  overexploitation  and  un- 
wise use. 

Many  people  do  not  know,  however, 
that  forest  tree  diseases  can  be  even 
more  devastating  than  misuse.  Dis- 
eases carelessly  introduced  from  Eu^ 
rope  and  Asia  have  caused  billions  of 
dollars  of  lost  revenue  from  Americans 
forests,  and  modern  forest-manage- 
ment practices  have  worsened  the 
impact  of  some  of  our  native  tree  dis- 
eases. Perhaps  the  worst  examples  of 
introduced  diseases  are  chestnut 
blight  and  white  pine  blister  rust, 
which  were  brought  into  the  United 
States  around  the  turn  of  the  century. 
The  former  destroyed  our  most  valua- 
ble native  hardwood  species,  and  the 
latter  decimated  white  pine  stands 
from  New  England  to  the  Pacific 
Northwest.  Before  the  advent  of  high- 
yield  plantation  forestry,  fusiform  rust 
of  southern  pines  was  not  much  of  a 
problem.  Now  it  is  causing  over  $128 
million  a  year  in  damage  to  southern 
forests. 

Costs  Must  Be  Low 

The  devastation  of  forest  diseases  is 
easy  to  recognize;  the  appropriate 
corrective  action  is  less  apparent.  Al- 
though a  forest  may  be  worth  a  great 
deal,  each  individual  tree  in  it  is 
worth  little.  Even  in  the  South,  where 
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trees  grow  very  rapidly,  it  takes  25 
years  for  a  pine  to  reach  pulpwood 
size  and  35  years  or  more  to  reach 
sawtimber  size.  In  the  West,  trees  in 
managed  forests  typically  are  har- 
vested when  they  are  80  to  120  years 
old.  These  are  years  of  waiting  for  re- 
turns on  investment.  They  are  also 
years  during  which  the  trees  are  at 
risk  from  disease  and  insect  attack. 
How  can  our  forests  be  protected 
from  diseases  at  a  reasonable  cost? 
Years  ago  foresters  came  to  the  scien- 
tific community  with  that  question. 
The  research  has  been  long  and  diffi- 
cult, but  answers  are  emerging.  The 
answers  will  be  somewhat  different 
for  each  disease,  but  often  they  will 
include  some  tree  breeding  for  dis- 
ease resistance.  Chemical  treatments 
in  forest  situations  are  not  economi- 
cally feasible:  the  individual  trees  just 
aren't  worth  that  kind  of  investment. 
Yet,  as  a  group,  those  planted  trees 
represent  much  of  the  Nation's  tim- 
ber supply  for  the  21st  century. 

Most  of  the  economically  important 
diseases  of  forest  trees  are  caused  by 
fungi,  and  trees  often  vary  in  their  re- 
sistance to  infection  and  damage  by 
these  fungi.  Breeding  of  trees  for  dis- 
ease resistance  has  proven  practical 
for  some  diseases,  particularly  the 
rust  diseases  that  produce  cankers  on 
stems  and  branches.  As  knowledge  of 
the  genetics  of  hosts  and  pathogens 
(disease-causing  agents)  increases, 
the  number  of  diseases  that  can  be 
controlled  in  this  manner  is  likely  to 
increase. 

Breeding  for  resistance  to  tree  dis- 
eases is  most  advanced  in  loblolly  and 
slash  pines,  the  two  most  commonly 
planted  tree  species  in  the  Southern 
United  States.  The  purpose  has  been 
to  reduce  the  devastation  of  fusiform 
rust.  In  the  next  century,  the  experi- 
ences with  these  species  and  this  dis- 
ease are  likely  to  be  repeated  for  other 
trees  and  other  diseases,  so  a  review 
of  progress  with  these  southern  pines 
is  instructive. 


Progress  With  Fusiform 
Rust 

The  fusiform  rust  fungus  spends  part 
of  its  life  on  oaks  and  part  on  south- 
ern pines.  In  the  spring,  spores  pro- 
duced on  oak  leaves  are  released  in 
huge  numbers.  When  such  a  spore 
alights  on  young,  succulent  new 
growth  of  a  pine,  an  infection  results 
that  develops  into  perennial  galls  or 
cankers.  These  attacks  are  most  dam- 
aging on  pines  less  than  10  years  of 
age.  Fusiform  rust  deforms  stems  and 
kills  trees,  causing  huge  economic 
losses.  Infections  also  occur  on  older 
trees,  but  the  results  are  not  as 
serious. 

Although  fusiform  rust  has  always 
been  around,  it  was  little  more  than  a 
nuisance  before  1950.  Now  its  effects 
have  reached  epidemic  proportions  in 
parts  of  Alabama,  Georgia,  Florida, 
Mississippi,  and  South  Carolina.  En- 
tire pine  plantations  are  often  de- 
stroyed, and  the  risk  of  newly  planted 
seedlings  becoming  infected  has  in- 
creased steadily  for  many  years. 

Why  the  increase?  The  culture  of 
loblolly  and  slash  pines  in  the  South 
has  proven  to  be  profitable,  and  mil- 
lions of  acres  of  intensively  managed 
plantations  have  been  established. 
Unfortunately,  the  conditions  that  are 
ideal  for  the  rapid  growth  of  these 
pines  in  single- species  plantings  also 
appear  to  be  ideal  for  the  spread  of 
the  disease. 

Programs  for  the  genetic  improve- 
ment of  pine  seedlings  for  reforesta- 
tion were  begun  in  the  1950's,  before 
the  rust  threat  was  recognized.  Rust 
resistance  was  not  a  major  factor  in 
the  selection  of  superior  trees  at  that 
time.  As  a  result,  the  first  superior 
pines  made  available  for  reforestation 
in  the  South  usually  were  not  supe- 
rior in  their  resistance  to  fusiform 
rust 


By  the  late  1960's,  increasing  dam- 
age from  rust  became  apparent,  and 
research  on  the  problem  was  acceler- 
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ated.  Cereal  rusts,  caused  by  a  similar 
fungus,  are  controlled  almost  entirely 
through  breeding  of  resistant  strains 
of  wheat,  oats,  and  barley.  The  same 
approach  appeared  possible  for  pines. 
The  first  order  of  business  was  to  de- 
velop a  system  for  rapidly  testing  the 
rust  resistance  of  large  numbers  of 
seedlings  under  standardized  condi- 
tions. Satisfactory  techniques  for  arti- 
ficial inoculation  were  developed,  and 
a  reliable  system  was  operational 
within  5  years.  Now  almost  all  loblolly 
and  slash  pines  that  have  been  se- 
lected for  superior  traits  of  all  sorts 
have  been  tested  for  their  ability  to 
produce  rust-resistant  offspring. 

Fungi  Adapt 

Results  of  artificial  inoculations  also 
taught  us  much  about  the  rust  fun- 
gus. The  fungus  is  highly  variable  in 
its  ability  to  cause  disease  on  different 
pine  selections.  An  individual  pine  se- 
lection often  is  resistant  to  some  races 
of  the  fungus  but  not  to  others.  Races 
of  the  rust  from  different  geographic 
areas  vary  in  their  ability  to  cause  dis- 
ease. This  information  helps  to  deter- 
mine which  pine  seed  sources  to 
plant  in  specific  areas. 

The  great  variation  was  no  surprise. 
It  also  occurs  in  the  wheat  rust  fun- 
gus. Nevertheless,  it  is  bad  news  for 
foresters.  It  means  that  no  single 
form  of  resistance  can  be  relied  on  for 
a  long  time  over  a  large  area.  Seed- 
lings with  such  resistance  will  be  pro- 
tected for  the  first  few  critical  years 
after  planting.  But  within  a  few  years, 
a  new  strain  of  the  fungus  is  likely  to 
emerge  with  the  ability  to  overcome 
the  factor  for  resistance.  Once  this 
strain  develops,  additional  seedlings 
of  that  type  planted  in  the  area  will 
no  longer  be  resistant.  That  is  what 
happened  to  a  strain  of  sugar  pine  se- 
lected and  planted  for  its  resistance  to 
white  pine  blister  rust  in  the  Pacific 
Northwest.  In  resistance  research  and 
development  work,  plant  pathologists 


must  work  with  two  biological  sys- 
tems— the  fungal  pathogen  and  the 
pine  host. 

Types  of  Resistance 

Large-scale  efforts  are  being  made  to 
locate  as  many  new  resistant  trees  as 
possible.  Several  different  forms  of  re- 
sistance have  already  been  found. 
One  type  seems  to  prevent  the  rapid 
spread  of  the  fungus  from  a  needle  or 
branch  into  the  main  stem.  A  second 
form  of  resistance  occurs  when  the 
fungus  is  walled  off  by  dead  host  cells 
after  infection  takes  place.  Research 
is  under  way  to  discover  other  resist- 
ance mechanisms  to  include  in 
breeding  programs. 

When  the  forms  of  resistance  of 
pines  and  the  types  of  virulence  of 
the  fungus  are  understood,  planting 
strategies  can  be  developed.  In  the 
next  century,  pathologists  will  deploy 
resistant  strains  of  trees  as  generals 
deploy  troops  for  a  battle.  By  con- 
stantly developing  new  strains  of 
pines  and  by  deploying  them  to  best 
advantage,  it  will  be  possible  to  stay  a 
step  or  two  ahead  of  the  rust  fungus. 

To  do  so,  the  process  for  getting 
some  forms  of  resistance  into  the 
genes  of  seedlings  used  for  reforesta- 
tion must  be  speeded.  At  present,  that 
process  takes  up  to  15  years  in  pines; 
to  cut  that  down  to  5  years  will  not  be 
easy.  Remember  that  in  breeding,  dis- 
ease resistance  is  only  one  of  many 
desirable  traits  to  improve.  Growth 
rate,  stem  form,  wood  properties,  and 
other  characteristics  may  be  equally 
important. 

Tissue  culture  is  one  promising 
technique  for  speeding  the  improve- 
ment process.  Tissue  culture  makes  it 
possible  to  develop  large  numbers  of 
clonal  plantlets  without  going 
through  the  normal  reproductive 
cycle.  Another  technique,  enzyme 
analysis,  may  enable  us  to  detect  re- 
sistance in  a  tree  in  few  days  instead 
of  the  1  to  5  years  needed  with  cur- 
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Tree  breakage  and  death  are  common  after  fusiform  rust  infection  sweeps  through  a 
stand.  This  14-year  old  slash  pine  plantation  shows  heavy  damage. 


rent  techniques.  Gene  splicing  is  an- 
other promising  approach,  but  there 
is  much  to  learn  before  fully  using 
the  techniques  of  new  biotechnology. 
At  present,  the  planting  of  resistant 
trees  is  our  first  line  of  defense 
against  fusiform  rust  in  pine  planta- 
tions. Strains  of  loblolly  and  slash 
pine  now  producing  seeds  in  a  rust- 
resistant  seed  orchard  in  Georgia 
have  reduced  fusiform  rust  incidence 
by  50  percent  in  experimental  plant- 
ings. Seedlings  from  this  orchard  are 
now  being  sold  to  private  landowners 
and  being  planted  over  large  areas. 
Additional  breeding  promises  to  re- 
duce rust  incidence  by  75  percent, 
which  will  make  reforestation  invest- 
ments attractive  again  in  areas  where 
the  rust  hazard  is  high. 

Using  Chemicals 

Fungicides  have  seldom  been  used  to 
control  diseases  in  forests,  not  be- 
cause they  were  ineffective  but  be- 
cause treatment  costs  have  exceeded 
the  value  of  the  potential  benefits. 


That  situation  may  change  in  the 
years  ahead.  The  value  of  forest  prod- 
ucts has  been  rising  and  will  contiue 
to  rise.  At  the  same  time,  the  effec- 
tiveness of  treatments  has  been  in- 
creasing. Eventually,  treatment  of 
diseases  in  the  forest  may  become 
common,  as  it  is  now  in  fruit 
orchards. 

For  years,  fungicides  have  been 
used  to  control  diseases  in  forest  tree 
nurseries,  where  millions  of  the  trees 
are  grown  on  a  few  acres.  New  com- 
pounds are  increasing  the  effective- 
ness of  these  treatments.  For  exam- 
ple, a  recently  developed  systemic 
fungicide  has  proven  effective  for  rust 
control  in  nurseries. 

Formerly,  rust  infections  were  pre- 
vented with  topical  sprays.  To  be  ef- 
fective, these  sprays  had  to  cover  the 
entire  surface  of  susceptible  plants. 
To  maintain  protection  during  the  en- 
tire spring  rust-infection  period,  seed- 
lings had  to  be  sprayed  35  to  40 
times. 

Systemic  fungicides  are  absorbed 
by  the  plant  and  move  through  all  tis- 
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sues,  providing  protection  for  tissues 
formed  after  they  are  applied.  Unfor- 
tunately, currently  available  systemics 
are  effective  for  only  a  few  weeks 
after  application.  Even  so,  3  or  4  sys- 
temic applications  take  the  place  of 
up  to  40  topical  sprays,  and  they  are 
even  more  effective. 

Research  indicates  that  systemics 
also  might  be  used  to  protect  seed- 
lings for  up  to  1  year  after  planting. 
In  the  next  few  years,  new  systemic 
formulations  may  be  developed  that 
will  protect  seedlings  for  the  first  few 
critical  years  after  planting. 

Protecting  Investments 

Until  the  20th  century,  Americans 
paid  little  attention  to  the  health  of 
their  forests.  They  took  what  they 
needed  and  gave  nothing  in  return, 
worrying  litde  about  how  diseases 
might  be  lowering  yields.  That  atti- 
tude has  changed  drastically. 

Over  the  past  40  years,  high-yield 
plantation  forestry  has  developed  in 
the  South  and  the  Pacific  Northwest 
to  provide  the  wood  and  fiber  that  our 
lifestyle  demands.  Intensive  forestry, 
including  planting  of  huge  acreages 
with  a  single  species  on  well-prepared 
sites,  is  necessary  to  produce  the  tim- 
ber needed.  In  such  plantings,  how- 
ever, the  risk  of  disease  losses  is  high, 
and  the  losses  are  more  costly  be- 
cause of  increasing  timber  values. 
The  21st  century  will  see  more  in- 
tense forest  management,  because  of 
the  need  to  produce  more  and  more 
wood  on  a  shrinking  land  base. 

In  the  21st  century,  there  will  be 
increasing  numbers  of  forest  disease 
problems.  As  plantation  forestry 
spreads,  some  diseases  now  thought 
of  as  minor  may  become  major  ene- 
mies. You  can  be  sure,  however,  that 
researchers  will  be  fighting  tree  dis- 
eases harder  than  ever  and  using  new 
technologies  as  fast  as  they  are  made 
available.  This  Nation  cannot  afford 
to  share  our  forest  yields  with  fungi. 


Ptotecting 
Future  Forests 
From  Insects 

William  J.  Mattson,  -principal 
insect  ecologist,  North  Central 
Forest  Experiment  Station,  Forest 
Service,  East  Lansing,  Ml 

Protecting  our  world's  future  for- 
ests from  insects  may  be  far 
more  important  than  it  is  today  be- 
cause burgeoning  world  populations 
will  place  much  greater  demands  on 
forests  for  both  recreation  and  raw 
materials.  As  a  result,  a  unit  of  loss  to 
insects  in  these  more  precious  forests 
will  be  far  more  cosdy  to  society  than 
today. 

To  combat  future  insect  problems, 
innovative  insect  management  meth- 
odology that  stresses  prevention 
rather  than  cure,  and,  at  the  same 
time,  is  inexpensive,  long  lasting,  and 
environmentally  safe  must  be  devel- 
oped. Future  research  on  forest  in- 
sects will  focus  on: 

•  Developing  and  enhancing  inher- 
ent plant  resistance. 

•  Deploying  resistant  plant  varieties 
in  a  manner  that  minimizes  the  ev- 
olution of  adaptations  by  insects  to 
overcome  resistance. 

•  Employing  sophisticated  integrated 
pest-management  strategies  that 
more  effectively  use  inherent  plant 
resistance,  natural  enemies,  pesti- 
cides-biocides,  and  behavior-modi- 
fying practices  that  reduce  insect 
host  finding  and  acceptance. 

•  Developing  more  accurate  knowl- 
edge about  the  relationship  be- 
tween crop  losses  and  insect  abun- 
dance so  that  forest  managers 
know  precisely  when  it  is  neces- 
sary to  suppress  insects. 

•  Maximizing  the  activities  of  all 
those  beneficial  insects  that  con- 
tribute positively  to  the  vital  proc- 
ess of  forest  ecosystems. 
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sues,  providing  protection  for  tissues 
formed  after  they  are  applied.  Unfor- 
tunately, currently  available  systemics 
are  effective  for  only  a  few  weeks 
after  application.  Even  so,  3  or  4  sys- 
temic applications  take  the  place  of 
up  to  40  topical  sprays,  and  they  are 
even  more  effective. 

Research  indicates  that  systemics 
also  might  be  used  to  protect  seed- 
lings for  up  to  1  year  after  planting. 
In  the  next  few  years,  new  systemic 
formulations  may  be  developed  that 
will  protect  seedlings  for  the  first  few 
critical  years  after  planting. 

Protecting  Investments 

Until  the  20th  century,  Americans 
paid  little  attention  to  the  health  of 
their  forests.  They  took  what  they 
needed  and  gave  nothing  in  return, 
worrying  litde  about  how  diseases 
might  be  lowering  yields.  That  atti- 
tude has  changed  drastically. 

Over  the  past  40  years,  high-yield 
plantation  forestry  has  developed  in 
the  South  and  the  Pacific  Northwest 
to  provide  the  wood  and  fiber  that  our 
lifestyle  demands.  Intensive  forestry, 
including  planting  of  huge  acreages 
with  a  single  species  on  well-prepared 
sites,  is  necessary  to  produce  the  tim- 
ber needed.  In  such  plantings,  how- 
ever, the  risk  of  disease  losses  is  high, 
and  the  losses  are  more  costly  be- 
cause of  increasing  timber  values. 
The  21st  century  will  see  more  in- 
tense forest  management,  because  of 
the  need  to  produce  more  and  more 
wood  on  a  shrinking  land  base. 

In  the  21st  century,  there  will  be 
increasing  numbers  of  forest  disease 
problems.  As  plantation  forestry 
spreads,  some  diseases  now  thought 
of  as  minor  may  become  major  ene- 
mies. You  can  be  sure,  however,  that 
researchers  will  be  fighting  tree  dis- 
eases harder  than  ever  and  using  new 
technologies  as  fast  as  they  are  made 
available.  This  Nation  cannot  afford 
to  share  our  forest  yields  with  fungi. 
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Forest  Experiment  Station,  Forest 
Service,  East  Lansing,  Ml 

Protecting  our  world's  future  for- 
ests from  insects  may  be  far 
more  important  than  it  is  today  be- 
cause burgeoning  world  populations 
will  place  much  greater  demands  on 
forests  for  both  recreation  and  raw 
materials.  As  a  result,  a  unit  of  loss  to 
insects  in  these  more  precious  forests 
will  be  far  more  cosdy  to  society  than 
today. 

To  combat  future  insect  problems, 
innovative  insect  management  meth- 
odology that  stresses  prevention 
rather  than  cure,  and,  at  the  same 
time,  is  inexpensive,  long  lasting,  and 
environmentally  safe  must  be  devel- 
oped. Future  research  on  forest  in- 
sects will  focus  on: 

•  Developing  and  enhancing  inher- 
ent plant  resistance. 

•  Deploying  resistant  plant  varieties 
in  a  manner  that  minimizes  the  ev- 
olution of  adaptations  by  insects  to 
overcome  resistance. 

•  Employing  sophisticated  integrated 
pest-management  strategies  that 
more  effectively  use  inherent  plant 
resistance,  natural  enemies,  pesti- 
cides-biocides,  and  behavior-modi- 
fying practices  that  reduce  insect 
host  finding  and  acceptance. 

•  Developing  more  accurate  knowl- 
edge about  the  relationship  be- 
tween crop  losses  and  insect  abun- 
dance so  that  forest  managers 
know  precisely  when  it  is  neces- 
sary to  suppress  insects. 

•  Maximizing  the  activities  of  all 
those  beneficial  insects  that  con- 
tribute positively  to  the  vital  proc- 
ess of  forest  ecosystems. 


Protecting  Future  Forests  from  Insects 


225 


Research  for  Tomorrow 


Developing  and 
Enhancing  Inherent 
Plant  Resistance 

Increasing  basic  understanding  of 
how  plants  resist  insects  will  continue 
to  be  an  important  area  of  research 
because  plant  resistance  is  clearly  the 
ideal  method  for  combating  insect 
problems.  Once  developed,  it  is  inex- 
pensive to  employ,  it  is  environmen- 
tally safe,  and  can  be  long  lasting  if 
used  wisely. 

Revolutionary  developments  in 
methods  for  altering  plant  genomes 
will  allow  for  more  rapid  development 
of  resistant  plants  through  insertion 
of  those  genes  affecting  the  expres- 
sion of  resistance  traits.  Moreover, 
mass  propagation  of  these  new,  more 
resistant  plants  through  new  methods 
such  as  tissue  culturing  and  optimal 
growth  techniques  will  speed  up  their 
widespread  planting  in  the  field. 

Once  the  mechanisms  of  resistance 
have  been  identified,  it  will  be  possi- 
ble to  enhance  their  effectiveness  by 
planting  trees  carrying  these  desirable 
traits  in  those  particular  soil  and  cli- 
mate combinations  where  their 
expression  will  be  maximal.  Further- 
more, if  expression  of  resistance  also 
is  affected  by  plant  age  and  other  fac- 
tors such  as  moisture  stress,  this  in- 
formation will  be  valuable  to  forest 
managers  in  determining  the  need  for 
insect  suppression  when  plants  may 
be  temporarily  susceptible. 

Successful  Use  of 
Resistant  Plants 

The  measure  of  success  in  resistant 
plants  is  their  ability  to  hold  up  at 
least  until  they  are  ready  for  harvest. 
In  other  words,  the  goal  is  to  prevent 
insects  from  evolving  counter  adapta- 
tions that  allow  them  to  overcome  the 
resistance.  Deployment  has  at  least 
two  components.  One  is  the  diversity 
of  the  tree  varieties  or  the  number  of 
different  kinds  of  resistance  simulta- 


neously employed  against  the  insect. 
The  second  is  the  density  and  disper- 
sion of  these  different  varieties.  For 
example,  how  many  trees  are  planted 
per  unit  area,  and  what  is  the  pattern 
of  planting  these  different  varieties? 
Should  they  be  randomly  mixed, 
grown  in  checkerboard-like  patches, 
or  in  some  other  pattern? 

The  stability  of  resistance — its  life 
of  usefulness  against  a  pest  insect — 
depends  on  how  the  resistant  plant 
varieties  are  deployed  in  the  forest. 
For  example,  plant  pathologists  are 
learning  how  multi-lines  of  grains 
lower  losses  to  pathogens  (disease- 
causing  agents).  Likewise,  agricul- 
tural entomologists  are  learning  how 
the  deployment  of  various  varieties  of 
resistant  wheat  affect  the  Hessian  fly. 

Improved  Integrated 
Pest  Management 

The  integrated  management  of  tree 
pests  such  as  insects  is  a  valuable 
concept  that  has  not  yet  been  well 
grounded  in  practice.  In  the  future, 
however,  it  will  be  standard  operating 
procedure  for  dealing  with  both  insect 
and  pathogen  pests  in  forest  environ- 
ments. Such  integrated  pest  manage- 
ment (IPM)  will  start  with  the  close 
matching  of  resistant  trees  to  the  cli- 
mate and  soils  where  they  are  best 
adapted.  It  will  be  followed  by  sophis- 
ticated planting  strategies  that  mix 
varieties  of  resistant  trees  at  spacings 
and  clusterings  that  disfavor  the  prin- 
cipal pests. 

Next,  IPM  will  employ  practices 
that  enhance  the  effectiveness  of  nat- 
ural enemies  (parasites,  predators, 
disease  organisms)  of  the  principal 
insect  pests.  For  example,  it  may  be 
necessary  to  establish  a  nectar-bear- 
ing plant  species  among  the  forest 
trees  for  the  purpose  of  feeding  para- 
sites and  predators  to  lengthen  their 
lifespans  and  increase  their  effective- 
ness in  killing  the  pest  insect. 
Judicious  use  of  pesticides  and  bio- 
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cides  that  are  more  pest  specific  and 
safer  in  the  environment  also  are  part 
of  the  IPM  framework.  Research  into 
the  bioengineering  of  more  virulent 
insect  pathogens  such  as  viruses  and 
bacteria  may  contribute  significantly 
to  this  tactic.  Likewise,  the  bioengi- 
neering of  more  resistant  plants 
whose  biochemical  compositions  will 
lower  the  immunocompetence  and 
suppress  the  detoxification  systems  of 
pest  insects  is  also  part  and  parcel  of 
this  tactic.  Furthermore,  greater  use 
will  be  made  of  behavior  modifying 
tactics  such  as: 

•  Chemicals,  colors,  and  shapes  that 
attract  pest  insects  to  traps. 

•  Chemicals  that  repel  and  disrupt 
pest  insects  in  their  host  and  mate 
finding  activities. 

•  Modifications  in  tree  and  forest 
structure  so  that  light,  temperature 
and  other  conditions  are  nonopti- 
mal  for  insect  oviposition,  feeding, 
mating,  and  resting. 

Relationship  Between 
Losses  and  Pest 
Abundance 

To  successfully  manage  pest  prob- 
lems, knowing  the  relationship  be- 
tween crop  losses  and  pest  densities 
is  necessary.  This  information  is  not 
yet  available  in  a  substantial  form  for 
any  major  forest  insect.  Why?  Be- 
cause in  the  case  of  trees,  which  can 
live  for  hundreds  of  years,  it  is  costly 
to  measure  insect  density  and  the 
concomitant  impact  over  the  long 
term. 

In  the  future,  such  research  may 
be  easier  to  do  because  most  future 
forests  will  be  grown  for  shorter  pe- 
riods before  they  are  harvested.  It  also 
may  be  easier  to  measure  insect 
densities  as  new  insect  monitoring 
techniques  such  as  pheromone  traps 
are  more  effectively  employed.  Cur- 
rently, these  techniques  show  great 
promise  for  estimating  insect  densi- 
ties, especially  when  populations  are 


seemingly  sparse.  Research  on  novel 
methods  for  monitoring  and  measur- 
ing insect  populations  will  be  as  im- 
portant in  the  future  as  it  is  today. 

Research  into  the  impact  of  insects 
on  forest  resources  may  be  more  ap- 
propriately done  through  computer 
simulation  studies  with  supporting  re- 
search in  key  areas  of  plant  nutrition 
and  physiology  and  silviculture.  De- 
veloping realistic  models  of  insect  im- 
pact on  forests  undoubtedly  will  be- 
come a  major  thrust  in  future  years 
and  will  serve  to  energize  and  focus 
experimental  research  on  the  rela- 
tionship between  tree  losses  and  pest 
density. 

Maximizing  Effects  of 
Beneficial  Insects 

Although  one  usually  thinks  of  in- 
sects as  detrimental  to  forest  ecosys- 
tems, quite  the  opposite  is  true.  There 
are  far  more  beneficial  and  innocuous 
species  than  pests.  In  the  future, 
there  will  be  even  greater  need  to 
know  about  the  beneficial  contribu- 
tions of  insects  and  the  means  for  en- 
hancing them. 

Parasites  and  predators  of  pest  in- 
sects have  already  been  identified  as 
one  group  of  beneficial  insects  whose 
biology,  ecology,  and  effectiveness 
must  be  enhanced. 

Another  group  often  overlooked  is 
the  pollinating  insects  in  forest  eco- 
systems. The  seed  crops  of  many 
temperate  and  tropical  deciduous 
trees,  shrubs,  and  herbs  are  vitally 
dependent  on  adequate  populations  of 
pollinators.  Because  some  forests  may 
be  more  important  for  their  recreation 
and  wildlife  resources  than  for  their 
wood,  berry-producing  trees  and 
shrubs  and  their  pollinators  should  be 
studied. 

Soil  invertebrates  as  a  group,  along 
with  soil  micro-organisms,  release  nu- 
trients and  energy  that  are  trapped  in 
the  organic  debris  that  accumulates 
on  the  forest  floor  as  litter.  Without 
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their  activities,  forest  growth  would 
decline  and  eventually  come  to  fluc- 
tuate about  a  much  lower  average 
level  of  productivity.  So  their  contri- 
butions need  to  be  much  better 
understood  and  managed.  Methods 
for  deciding  whether  soil  communi- 
ties are  indeed  fully  stocked  with  the 
proper  numbers  and  kinds  of  different 
organisms  to  get  maximal  nutrient 
and  energy  turnover  are  needed.  For 
example,  are  there  adequate  numbers 
of  large,  soil-Utter  mixing  species 
such  as  the  various  kinds  of  worms, 
craneflies,  termites,  and  so  on?  If  not, 
should  some  new  species  be  intro- 
duced to  the  forest  system? 

Finally,  the  role  of  invertebrates  in 
forest  stream  and  river  systems  needs 
to  be  better  addressed.  They,  along 
with  micro-organisms,  are  the  foun- 
dation for  all  sport  fishery  resources 
in  our  Nation's  forests. 


Protecting 
Forest 
Resources 
From  Fire 

James  B.  Davis,  research  forester, 
Forest  Fire  and  Atmospheric 
Sciences  Research  Staff,  Forest 
Service 

Fire  has  always  been  with  us.  It 
has  periodically  burned  forests 
and  grassland  as  long  as  flammable 
vegetation  has  existed  on  earth.  To- 
day in  the  United  States,  on  the  aver- 
age, 250,000  wildfires  burn  almost  5 
million  acres  of  forest,  brush,  and 
grass-covered  lands  each  year.  Protec- 
tion services  cost  more  than  $0.5  bil- 
lion annually.  Losses  approach  $2  bil- 
lion. These  costs  do  not  include  the 
services  of  thousands  of  volunteer  fire 
departments,  nor  do  they  include  the 
expenses  of  the  many  city  fire  depart- 
ments that  fight  fires  on  undeveloped 
lands  within  or  near  their  jurisdic- 
tions. Yet  few  activities,  public  or  pri- 
vate, have  had  such  a  high  degree  of 
success  as  fire  prevention  and 
management. 

The  average  size  of  wildland  fires 
has  been  reduced  from  120  acres  in 
1925  to  about  20  today,  in  spite  of  the 
fact  that  the  risk  of  fires  starting,  as 
determined  by  various  types  of  land 
use,  has  increased  more  than  10 
times. 

Research  has  had  an  important 
hand  in  this  success.  At  the  begin- 
ning of  this  century,  foresters  found 
themselves  managing  a  wild,  remote 
area  in  which  the  causes,  behavior, 
and  effects  of  fire  were  poorly  under- 
stood, if  at  all. 

Early  fire  research  was  essentially 
engaged  in  management  science — 
trying  to  determine  the  needs  of  a 
fledgling  fire-control  organization  and 
developing  a  policy  for  its  activities. 
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vate, have  had  such  a  high  degree  of 
success  as  fire  prevention  and 
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The  average  size  of  wildland  fires 
has  been  reduced  from  120  acres  in 
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fact  that  the  risk  of  fires  starting,  as 
determined  by  various  types  of  land 
use,  has  increased  more  than  10 
times. 

Research  has  had  an  important 
hand  in  this  success.  At  the  begin- 
ning of  this  century,  foresters  found 
themselves  managing  a  wild,  remote 
area  in  which  the  causes,  behavior, 
and  effects  of  fire  were  poorly  under- 
stood, if  at  all. 

Early  fire  research  was  essentially 
engaged  in  management  science — 
trying  to  determine  the  needs  of  a 
fledgling  fire-control  organization  and 
developing  a  policy  for  its  activities. 
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Since  World  War  II,  fire  research  has 
expanded  to  include  the  physical,  bio- 
logical, and  social  sciences.  Current 
programs  draw  heavily  on  the  fields 
of  meteorology,  engineering,  adminis- 
tration, and  operations  research. 

Forest  Service  Res&arch 
Organization 

While  the  U.S.  Department  of  Agri- 
culture's (USDA)  Forest  Service  con- 
ducts fire  research  at  six  of  its  nine 
forest  experiment  stations,  the  nature 
of  many  fire  research  projects  re- 
quires the  support  of  specialized  sci- 
entific facilities  and  equipment  such 
as  wind  tunnels  and  combustion 
chambers.  Most  of  these  specialized 
facilities  are  located  at  three  forest 
fire  laboratories  located  at  Macon, 
GA;  Missoula,  MT;  and  Riverside,  CA. 
Two  out  of  every  three  Forest  Service 
fire  scientists  work  at  one  of  the  labo- 
ratories, resulting  in  an  important 
pooling  of  talent  and  skills.  Each  lab- 
oratory has  two  principal  responsibili- 
ties: to  perform  applied  and  basic  fire- 
related  research  to  meet  national 
needs  and  to  conduct  other  research, 
mostly  of  an  applied  nature,  on  cur- 
rent fire  problems  peculiar  to  the  part 
of  the  country  where  the  laboratory  is 
located. 

The  laboratories  work  together  on  a 
national  program  of  forest  fire  re- 
search in  cooperation  with  other  for- 
est experiment  stations;  universities; 
scientific  groups;  and  private,  State, 
and  Federal  agencies. 

While  much  of  the  research  is 
aimed  at  today's  problems,  fire  scien- 
tists also  are  directing  their  efforts  to- 
ward solving  the  problems  of  the 
1990's  and  2000's.  Scientists  don't  do 
this  alone,  but  in  cooperation  with 
others  in  the  scientific  community 
and  the  user  group.  The  latter  in- 
cludes Federal,  State,  and  local  fire- 
management  officials — those  people 
who  must  put  the  results  of  the  re- 
search to  practical  use. 


Scientists  and  users,  applying  fu- 
turing  techniques,  have  jointly  identi- 
fied the  following  nine  high-priority 
areas  where  much  future  research 
will  be  concentrated. 

Fire  Management  in  the  Wild- 
land  and  Urban  Interface,  A 

major  demographic  trend  from  urban 
to  suburban  living,  begun  after  World 
War  II,  has  greatly  expanded  the 
wildland  and  urban  fire  problem.  This 
area,  where  people  build  their  homes 
and  live  in  the  midst  of  flammable 
forest  vegetation,  occurs  at  thousands 
of  locations  across  the  Nation.  In 
these  areas,  people  and  their  property 
are  at  risk  from  forest  fires,  and  the 
loss  has  been  increasing  rapidly  as 
more  and  more  people  build  in  these 
high-hazard  areas.  In  Virginia,  for  ex- 
ample, the  number  of  homes  exposed 
to  wildfire  loss  has  increased  fourfold 
in  the  last  5  years.  Major  loss  of  life  is 
possible — in  fact,  inevitable. 

The  task  of  protecting  lives  and 
property  from  fire  in  the  wildland  and 
urban  interface  area  poses  one  of  the 
most  critical  and  elusive  problems  for 
fire  researchers  and  managers  today. 
If  fire  managers  are  to  save  property 
and  lives,  they  need  better  knowledge 
and  information  on  how  to  help 
homeowners,  community  planners, 
and  builders  design  fire-safe 
communities. 


Integrated  Fire  Behavior  and 
Fire  Danger  Rating  System. 

Fire  managers  use  one  analytical  sys- 
tem to  estimate  fire  danger  for  day-to- 
day planning  and  another  for  on-the- 
fire  tactical  decisionmaking.  Even  ex- 
perienced firefighters  get  the  two  sys- 
tems confused.  Fire  danger  rating 
and  site-specific  fire  behavior  predic- 
tion are  both  based  on  knowledge  of 
the  physics  and  chemistry  of  wildland 
combustion.  But  current  systems  for 
predicting  fire  danger  and  behavior 
involve  different  resolutions  of  time 
and  geographical  area.  Research 
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needs  to  provide  a  single  system  that 
would  accommodate  the  full  range  of 
requirements  and  save  considerable 
money,  time,  equipment,  and 
training. 

Prescribed  Fire  for  Wilder- 
ness Management.  Current  For- 
est Service  policies  allow  fire  to  re- 
sume a  more  natural  role  in  those 
areas  set  aside  as  part  of  the  National 
Wilderness  System.  More  than  75 
years  of  fire  protection,  however,  have 
materially  changed  wilderness  ecosys- 
tems and  allowed  an  accumulation  of 
forest  fuel  that  is  difficult  to  manage. 
Land  managers  look  to  research  to 
provide  ways  to  define  the  natural 
role  of  fire  in  wilderness  and  criteria 
for  deciding  when  planned  or  un- 
planned ignitions  (such  as  lightning 
fires)  are  appropriate. 

Evaluation  of  Aircraft  for  Fire 
and  Forest  Management.  Wild- 
land  management  agencies  own  or 
lease  a  wide  range  of  aircraft  types  for 
their  fire  and  forest-management  op- 
erations. These  range  from  light  obser- 
vation helicopters  to  high-elevation, 
remote-sensing  aircraft  to  jet  trans- 
ports for  fire  crew  transport. 

Managers  need  means  for  evaluat- 
ing the  effectiveness  of  various  types 
of  aircraft.  They  need  to  translate  the 
operational  requirements  of  fire  and 
forestry  activities  into  desired  aircraft 
performance.  Research  can  help  pro- 
vide the  guides  to  use  these  aircraft 
in  the  most  cost-effective  manner. 

Social,  Political,  and  Eco- 
nomic Values  in  Fire  Manage- 
ment. How  do  you  measure  the 
worth  of  a  sunset?  It  is  difficult  per- 
haps, but  not  impossible.  Oyer  the 
past  decade,  major  progress  has  been 
made  in  developing  economic  analysis 
methods  that  relate  investments  in 
fire  protection  to  the  anticipated 
changes  in  resource  values  resulting 
from  wildfires.  In  spite  of  this  prog- 


ress, it  is  still  difficult  to  incorporate 
political  and  social  considerations  into 
fire-management  planning  processes. 
As  a  result,  decisionmakers  have  lim- 
ited ability  to  evaluate  alternatives  in 
terms  other  than  economic  efficiency. 
Social  and  political  attributes  are  still 
treated  qualitatively,  often  resulting  in 
inconsistent  and  sometimes  unac- 
ceptable programs. 

Improved  understanding  is  needed 
of  the  relationships  among  social,  polit- 
ical, regulatory,  and  other  factors  with 
respect  to  decisions  about  fire-man- 
agement investments. 

Fire  Suppression  Productivity 
and  Effectiveness.  Foresters 
have  been  fighting  fire  for  80  years, 
yet  they  still  do  not  have  all  the  an- 
swers about  how  fast  or  well  they  do 
the  job— partly  because  the  job  is 
much  more  complex  than  it  used  to 
be. 

The  most  important  reason  is  that 
almost  every  task  must  be  evaluated 
in  terms  of  cost  effectiveness.  Fire  re- 
search must  provide  an  improved 
understanding  of  the  factors  govern- 
ing fireline  building  and  holding  suc- 
cess, tradeoffs  and  interactions 
among  different  fire  control  actions, 
and  a  better  understanding  of  human 
physiology  and  motivation. 

Alternatives  to  Herbicides. 

Use  of  chemical  herbicides  to  prepare 
sites  and  control  vegetation  for  the 
establishment  and  release  of  forest 
stands  has  become  progressively  less 
practical  as  a  result  of  undesirable 
environmental  effects  and  stringent 
regulation.  Land  management  agen- 
cies and  private  forest  enterprises  are 
faced  with  significant  reductions  in 
commercial  forest  productivity — 25  to 
35  percent  or  more — without  ade- 
quate site  preparation  and  effective 
means  of  controlling  competing  vege- 
tation. Alternative  methods  of  vegeta- 
tion management,  including  the  use 
of  prescribed  fire,  are  needed  to  im- 
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Scientists  at  the  USDA  Forest  Service's  fire  laboratory  in  Missoula,  Ml,  conduct 
instrumented  test  fires  in  a  specialized  combustion  chamber. 


Protecting  Forest  Resources  from  Fire 
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Where  urban  and  wildland  areas  meet,  lire  is  a  rapidly  increasing  problem.  In  some 
parts  of  the  United  States,  the  number  of  homes  at  risk  to  woodland  fires  has 
increased  fourfold  in  the  past  5  years. 


prove  regeneration  success  and  en- 
hance growth  and  yield  of  established 
stands. 

Effects  of  Atmospheric 
Change  on  Forest  Health  and 
Productivity.  The  effects  of 
changes  in  the  atmosphere  on  forest 
health  and  productivity  are  not  always 
known.  Some  weather  impacts  are 
sudden  and  dramatic  such  as  wind- 
throw  in  a  storm.  Drought  or  exces- 
sive moisture  also  are  readily  observa- 
ble. Some  effects  caused  by  gradual 
changes  in  normal  conditions  are  not 
as  obvious  but  are  generally  under- 
stood. Examples  are  early  and  late 
frosts  and  impacts  of  recurring  severe 
winters. 

Yet  another  category  involves  cli- 
matic changes  because  of  increasing 
levels  of  pollutants,  including  particu- 
lates, carbon  dioxide,  and  acid  rain. 
The  effects  may  include  degradation 
of  visibility,  lowered  water  quality, 
and  reduced  tree  growth. 

The  opportunity  for  managers  to 
deal  with  these  effects  is  severely  re- 
stricted by  a  lack  of  knowledge  about 
the  processes  which  translate  atmos- 
pheric changes  into  forest  effects. 


Long-Term  Forecasting  of 
Fire  Weather  Severity.  Fire 
management  depends  on  maximum 
mobility  of  firefighting  resources  to 
provide  satisfactory  forest  fire  protec- 
tion while  restraining  cost.  Effective- 
ness of  mobility  is  directly  related  to 
ability  to  determine  where  and  when 
resources  will  be  needed.  Prudent  fi- 
nancial management  requires  no  over- 
investment during  normal  periods  of 
fire  occurrence,  but,  when  existing 
resources  are  strained,  mobilizing  an 
adequate  number  of  firefighters  and 
their  equipment  must  be  possible. 
Managers  need  reliable  weekly, 
monthly,  and  seasonal  fire  weather 
severity  forecasts. 

Research  must  develop  systems  to 
provide  information  on  geographic 
variation  of  fire  severity  potential  on 
at  least  a  biweekly  basis  for  resource 
allocation  purposes. 

Fire  research,  like  most  activities  of 
government,  can  expect  budget  re- 
ductions over  the  next  few  years.  By 
concentrating  efforts  on  anticipated 
high-priority  needs,  however,  fire  re- 
search should  continue  to  make  valu- 
able contributions  in  the  future  as  it 
has  in  the  past. 
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Research  To 
Protect  Wood 

R.  C.  De  Groot,  project  leader, 
Forest  Products  Laboratory,  Forest 
Service,  Madison,  WI 


fn  a  forest,  fallen  branches  and  dead 
trees  are  naturally  recycled  into  the 
ecosystem  by  myriad  insects  and 
micro-organisms.  A  similar,  natural 
process  of  wood  degradation  occurs  in 
fresh  water  and  in  marine  environ- 
ments, but  by  a  different  array  of 
micro-organisms  and  small  animals. 
These  biological  systems  and  fire  play 
a  significant  role  in  recycling  carbon 
within  natural  ecosystems.  But  when 
termites,  fire,  or  wood  rot  (caused  by 
fungi)  occur  in  houses  or  other  con- 
struction, whole  structures  or  parts  of 
structures  may  be  destroyed,  occu- 
pant safety  may  be  endangered,  and 
economic  losses  result. 

Protection  From  Nature 

To  protect  wood-in-use  from  these 
natural  forces,  principles  of  sheltering 
wood  from  rain  and  excluding  other 
moisture  sources  from  wood  have 
been  used  in  building  design  to  pre- 
vent rot.  Paints  block  exposure  of  ex- 
terior wood  to  sunlight.  Mechanical 
barriers  between  soil  and  buildings, 
in  the  form  of  metal  shields  or  ele- 
vated supports,  have  been  used  to  re- 
tard termites,  but  termites  are  equal 
to  the  challenge  of  bypassing  barriers. 
So  additional  means  for  preventing 
termite  attack  are  required.  Many 
wood  products,  such  as  siding  on 
houses,  railroad  ties,  utility  poles,  and 
farm  fenceposts,  are  used  where  they 
cannot  be  shielded  from  the  ele- 
ments. There,  naturally  durable  wood 
or  wood  treated  with  preservatives 
has  been  used  to  achieve  long-lasting 
performance. 


Trend  Away  From 

Broad-Spectrum 

Pesticides 

The  public  will  always  need  afford- 
able, safe,  durable  housing  and  other 
wood  construction.  Public  interest  in 
the  esthetic  qualities  of  wood  prod- 
ucts and  in  environmental  safety  of 
related  industrial  processes  will  also 
continue.  Chemical  treatments  will  be 
needed  in  the  future  to  protect  some 
wood  products,  but  the  trend  will  be 
toward  lessened  dependency  on 
broad-spectrum  pesticides;  that  is, 
pesticides  toxic  to  a  wide  range  of  liv- 
ing creatures.  Narrower  spectrum, 
wood-preserving  pesticides  will  be  de- 
veloped by  focusing  research  on 
physiological  differences  between 
wood-degrading  organisms  and  non- 
target  organisms,  including  humans. 
Greater  research  attention  will  be 
given  to  environmental  aspects  of 
treated  wood  products  throughout 
their  total  life  cycle,  from  tree  to  recy- 
cling or  disposal. 

As  a  consequence,  wood  protection 
options  of  the  future  will  be  ever 
more  precisely  targeted  and  more 
carefully  designed  to  meet  exacting 
performance  requirements.  More  con- 
sideration will  be  given  to  processing 
schedules  that  minimize  opportunities 
for  biological  deterioration,  to  engi- 
neering options  for  protecting  prod- 
ucts and  houses  without  pesticides,  to 
potentials  for  biocontrol  such  as  using 
antagonists,  antibiotics,  or  ecosystem 
manipulation.  Treatments  which 
modify  the  chemical  structure  of 
wood  cell  walls  so  that  microbial  en- 
zymes can't  degrade  them  and  other 
innovative  concepts  that  don't  rely  on 
toxicity  will  be  evaluated  for  uses 
where  minimal  toxicity  is  a  primary 
requisite.  Where  chemical  treatments 
are  required,  integrated,  multiple- 
purpose  systems  are  likely  to  be  de- 
veloped to  achieve  more  economical 
protection  with  less  reliance  on 
chemical  intervention. 
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Implementing  Trend 

To  envision  how  these  trends  will  be 
implemented,  let  us  follow  trees  from 
forest  to  products: 

Reducing  Losses  From  Wood 
Decay.  Pulp  and  paper  mills  use 
vast  quantities  of  logs  and  wood  chips 
in  the  production  of  paper  products. 
Decay  in  logs  stored  for  long  periods 
of  time  after  they  are  cut  is  a  prob- 
lem. Some  companies  by  using  com- 
puterized scheduling  to  match  harvest 
with  mill  production  eliminate  large 
inventories  of  stored  wood.  Conse- 
quently, losses  from  wood  decay  in 
wood  supplies  coming  from  forests 
have  been  substantially  reduced.  This 
practice  will  become  more  widely 
adopted  and  also  will  be  employed  in 
future  wood-fueled  energy-generating 
plants. 

Drying  Wood.  In  warm  weather, 
freshly  sawn  lumber  needs  protection 
from  beetles  and  stain  fungi.  Protec- 
tion can  be  achieved  by  quickly 
drying  the  wood  in  mechanical  driers 
without  any  chemical  treatment  or  by 
applying  chemical  treatments  to  the 
surface  of  the  lumber  and  allowing  it 
to  dry  naturally.  Chemical  control  is 
the  less  costly  option  because  it  re- 
quires less  equipment  and  less  en- 
ergy. New  options  for  low-cost  protec- 
tion will  include  development  of  less 
toxic  chemicals  for  stain  control  and 
new  biotechnologies  that  use  benefi- 
cial organisms  to  prevent  insect  and 
fungal  attack. 

Eliminating  Termites.  A  barrier 

of  chemically  treated  soil  under  and 
around  house  foundations  is  the  cus- 
tomary practice  for  protecting  houses 
from  attack  by  subterranean  termites. 
Research  will  develop  new  ap- 
proaches to  achieve  protection  with 
less  pesticide. 

One  possibility  is  feeding  stations 
with  bait  that  is  palatable  and  not 


acutely  toxic  to  termites  so  that 
worker  termites  take  the  bait  back  to 
their  colonies.  As  workers  in  the  ter- 
mite colony  feed  upon  this  bait,  the 
vigor  of  the  colony  is  slowly  reduced 
until  it  succumbs  to  natural  bacterial 
or  fungal  diseases.  The  chemicals 
used  in  the  baits  might  be  insect  hor- 
mones, which  would  disrupt  egg  lay- 
ing by  the  queen  or  would  increase 
the  percentage  of  dependent,  non- 
feeding  individuals  in  colonies; 
biochemical  blocks,  which  would  pre- 
vent formation  of  chitin  in  exo- 
skeletons  of  molting  termites;  or  anti- 
biotics that  kill  the  microflora  which 
digest  cellulose  within  the  termite 
gut.  There  are  at  least  two  advantages 
to  these  systems:  small  amounts  of 
chemical  are  required,  and  the  active 
ingredients  are  specific  for  lower 
forms  of  life. 

Integrated  Treatment  Sys- 
tems. For  wood  used  above  ground 
level  in  residential  and  other  con- 
struction, research  will  devise  inte- 
grated systems  so  that  one  treatment 
will  provide  protection  from  several 
potential  hazards.  For  example,  the 
same  treatment  that  provides  fire  re- 
tardancy  to  wood  shingles  also  will 
retard  decay  and  moss  and  protect 
against  sunlight  degradation.  Multi- 
purpose finishes  for  exterior  siding 
and  millwork  will  protect  wood  from 
degradation  by  sunlight  and  will  con- 
tain other  ingredients  to  prevent  de- 
cay, mildew,  and  mold.  Additional 
preservatives  that  provide  a  dry,  es- 
thetically  pleasing  surface  for  treated 
wood  will  become  available  for  treat- 
ment of  walkways,  patios,  and  other 
load-bearing  structures  used  above 
ground. 

Recycling  Heavily  Treated 

Wood.  Wood  used  in  contact  with 
the  ground  and  in  marine  environ- 
ments requires  more  protection  than 
does  wood  used  above  ground.  Conse- 
quently, these  products  have  been  the 
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most  heavily  treated  and  are  often  the 
most  difficult  to  dispose  of  or  recycle 
after  use.  New  systems  will  address 
both  the  requisite  durability  for  those 
products  and  subsequent  require- 
ments for  disposal  or  recycling.  Po- 
tential preservatives  will  be  tested, 
and  new  biotechnologies  for  acceler- 
ating breakdown  of  toxic  components 
in  used  materials  will  be  incorporated 
into  recycling  programs  that  will  pro- 
vide meaningful  alternatives  to  dis- 
posing of  treated  products  in  landfills. 

Water-based  Preservative 
Treatments.  A  major,  recent  ac- 
complishment in  wood  protection  has 
been  the  development  of  water-based 
preservative  systems  that  are  odorless 
and  leave  wood  with  a  dry  surface. 
These  features  have  contributed  to 
the  use  of  treated  wood  in  a  variety  of 
new  applications  besides  railroad  ties 
and  utility  poles,  and  in  bridges, 
wharves,  piers,  and  agricultural  build- 
ings. During  the  last  decade,  increas- 
ing consumer  appreciation  for  this  es- 
thetically  pleasing,  durable  wood  has 
resulted  in  greater  demands  for  pre- 
servative treatments  for  lumber  pro- 
duced from  our  pine  and  other  soft- 
wood forests.  Demand  for  durable 
wood  products  is  anticipated  to  grow, 
but  the  forest  resource  that  provides 
those  goods  is  changing.  Within  the 
next  30  years,  U.S.  forests,  as  a 
whole,  will  be  comprised  of  greater 
percentages  of  hardwoods  and  of 
smaller  diameter  trees. 

This  change  in  the  forest  resource 
presents  several  challenges  to  meet- 
ing anticipated  growth  in  consumer 
needs  for  durable  wood  products.  The 
growing  proportions  of  small-diameter 
trees  means  more  reliance  on  com- 
posite flake  and  fiber  products,  for 
which  most  currently  used  batch- 
treating  processes  aren't  applicable. 
Furthermore,  hardwoods  are  more 
difficult  than  softwoods  to  protect 
with  the  esthetically  pleasing,  water- 
based  preservatives. 


Treating  More  Wood  Species. 

New  technologies  for  protecting  and 
treating  more  wood  species  may  turn 
out  to  be  the  greatest  contribution  to 
forestry  from  wood-protection  re- 
search. New  methods  for  treating 
previously  underutilized  softwoods  in 
the  Midwest  and  Northeast  will  in- 
crease potentials  for  forests  in  those 
regions  to  complement  southern  and 
western  softwood  forests  in  meeting 
consumer  needs  for  durable  solid 
wood  products.  Innovations  for  pro- 
tecting hardwoods,  along  with  new 
processes  for  preservative  treatment 
of  flake  and  fiber  products  as  they  are 
being  manufactured,  will  permit  pro- 
duction of  durable  products  from 
small-diameter  species  present  in  our 
eastern  forests. 

By  extending  the  longevity  of  some 
wood  products,  these  innovations  will 
allow  for  more  uses  of  other  wood 
products  without  excessive  demand 
upon  our  forest  resource.  Additionally, 
innovations  that  allow  use  of  more 
tree  species  will  give  professional  for- 
esters greater  freedom  to  include  a  di- 
versity of  tree  species  in  their  man- 
agement programs,  with  attendant 
benefits  to  wildlife,  watershed,  and 
recreation. 
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Managing  and 
Protecting 
Forest  Water 
Resources 

Dale  S.  Nichols,  principal  soil 
scientist,  North  Central  Forest 
Experiment  Station,  Forest  Service, 
Grand  Rapids,  MN 

One  of  the  most  important  func- 
tions of  forest  land  is  the  delivery 
of  fresh  water  for  drinking  and  sani- 
tation, for  agriculture  and  industry, 
and  for  recreation  and  wildlife.  Where 
water  is  scarce  and  the  demand  is 
high,  water  may  be  the  single  most 
valuable  product  of  forest  land.  Man- 
aging and  protecting  forest  water  re- 
sources is  becoming  an  ever  more  dif- 
ficult, more  complex,  and  more 
important  task. 

Forests  cover  about  30  percent  of 
the  total  land  area  of  the  United 
States,  but  an  estimated  75  percent  of 
the  Nation's  water  supply  originates 
on  this  land.  In  the  Western  States, 
high-elevation,  largely  forested  water- 
sheds produce  some  90  percent  of  the 
usable  water.  With  growing  popula- 
tions, especially  in  the  West,  the  de- 
mand for  water  is  increasing. 

Besides  water  supply,  forests  are 
used  for  timber  production,  mining, 
grazing,  waste  disposal,  recreation, 
and  numerous  other  purposes.  These 
activities  may  adversely  affect  forest 
water  resources.  The  water  resources 
of  many  forest  lands  are  already  im- 
paired. U.S.  timber  demand  in  the 
year  2030  is  predicted  to  be  double 
that  of  1976.  Increased  demands  for 
other  forest  resources  are  anticipated 
as  well.  In  addition,  the  total  forest 
area  is  expected  to  decrease  as  for- 
ested land  is  converted  to  other  uses. 

Researchers  have  an  interesting 
challenge — to  provide  the  new  infor- 


mation and  technology  necessary  to 
protect  and  manage  water  in  the  face 
of  ever-increasing  pressure  on  all  the 
forest's  resources. 

Public  concern  for  water  was  re- 
sponsible, in  part,  for  the  establish- 
ment of  our  National  Forest  System. 
Some  154  National  Forests  contain 
about  190  million  acres  of  federally 
owned  forest  land  that  were  reserved 
from  the  public  domain  or  purchased 
for  the  protection  of  critical  timber 
and  water  resources.  In  addition  to  its 
many  other  uses,  this  land  has  served 
for  more  than  50  years  as  a  vast 
open-air  laboratory  for  the  study  of 
forests  and  water.  The  research 
branch  of  the  U.S.  Department  of  Ag- 
riculture's Forest  Service  maintains 
for  research  purposes  about  90  desig- 
nated experimental  forests  on  Na- 
tional Forest  lands. 

Water  Supply 

While  much  of  the  United  States  has 
abundant  water,  water  supply  in 
some  areas  is  far  less  than  the  de- 
mand and  is  a  limiting  factor  in  re- 
source development  and  economic 
growth.  Water-supply  projections  in- 
dicate that  by  the  year  2000,  people 
living  in  17  major  river  basins  in  11 
Southwest  and  Midwest  States  and  in 
some  localized  areas  in  the  Northeast 
and  East  will  suffer  serious  water 
shortages.  Demands  for  water  for 
nonconsumptive  purposes  such  as 
fish,  wildlife,  and  recreation  also  will 
increase. 

Watershed  scientists  are  studying 
ways  to  increase  the  production  of 
water  from  forest  lands.  It  was  once 
thought  that  forests  conserved  water, 
making  more  water  available  for 
streamflow.  Researchers  have  found 
that  this  is  not  true.  In  general,  trees 
need  and  use  more  water  than  do 
other  types  of  vegetation.  Forested 
lands  yield  water  simply  because  for- 
ests tend  to  develop  on  those  lands 
where  water  is  most  available. 
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Maintaining  high-quality  water  for  fish  and  wildlife  is  an  important  aspect  of  forest 
management.  North  Central  Forest  Experiment  Station  technician  measures  dissolved 
oxygen  and  temperature  in  an  experimental  wildlife  impoundment. 


A  large  share  of  the  water  falling 
onto  a  forest  as  precipitation  is  re- 
turned to  the  atmosphere  as  water 
vapor.  Trees  take  up  large  quantities 
of  moisture  from  the  soil  that  is  then 
lost  to  the  air  by  transpiration 
through  the  leaves.  In  addition,  water 
evaporates  directly  from  the  soil,  and 
some  rain  and  snow  is  intercepted  by 
the  tree  crowns  and  evaporates  before 
it  ever  reaches  the  ground.  The  water 
that  is  left  over  flows  from  the  forest 
in  streams  or  as  ground  water  and  is 
available  for  other  uses.  The  water 
leaving  an  area  as  streamflow  is 
called  runoff  and  is  measured  in  units 
of  depth.  Ten  inches  of  runoff,  for  ex- 
ample, means  that  if  all  the  water 
leaving  as  streamflow  were  spread 
evenly  over  the  area  from  which  it 
came,  it  would  be  10  inches  deep. 

Runoff  from  forest  land  has  been 


measured  on  dozens  of  experimental 
watershed  areas  in  the  United  States. 
Where  precipitation  is  barely  enough 
to  support  tree  growth,  such  as  along 
the  boundary  between  the  eastern 
forests  and  the  prairies,  and  in  many 
places  in  the  West,  annual  runoff 
may  be  as  low  as  1  or  2  inches.  Aver- 
age runoff  from  the  eastern  forests 
and  from  the  high-elevation  forests  in 
the  Rocky  Mountains  is  about  10  to 
20  inches  a  year.  In  the  Appalachian 
Mountains  and  in  the  coastal  moun- 
tains in  the  Pacific  Northwest,  this 
figure  is  20  to  50  inches  or  more. 

Numerous  studies  on  forested  water- 
sheds have  shown  that  when  the 
trees  are  cut  down,  annual  runoff  as 
streamflow  increases  because  losses 
of  water  by  transpiration  and  inter- 
ception are  reduced.  If  most  of  the 
yearly  precipitation  occurs  as  snow,  as 
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In  1956  Rocky  Mountain  Forest  and  Range  Experiment  Station  scientists  began  a 
long-term  study  of  the  effect  of  forest-cutting  practices  on  water  yields  by  cutting  a 
steep  slope  in  a  pattern  of  strips  and  patches.  Snow  accumulates  in  the  openings, 
and  the  water  yield  from  cutover  areas  is  higher  than  from  uncut  control  areas. 
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is  the  case  at  high  elevations  in  the 
Rocky  Mountains,  runoff  can  be  in- 
creased further  by  cutting  trees  in  a 
pattern  of  small  clearings,  where 
snow  then  accumulates. 

The  greatest  increases  in  water 
yield  occur  where  precipitation  is  the 
highest.  Increases  are  generally  pro- 
portional to  the  percentage  of  the  tree 
cover  that  is  removed.  Clearcutting  in 
the  high  precipitation  zones  of  the 
Southern  Appalachian  Mountains  can 
increase  annual  runoff  by  as  much  as 
16  inches.  Water  yield  increases  usu- 
ally decline  rapidly  as  new  trees  grow 
back.  Flows  may  return  to  normal  in 
as  little  as  5  years.  Where  streamflow 
comes  mostly  from  snowmelt,  water 
yield  increases  may  persist  for  20 
years. 

Where  water  is  scarce  and  the  de- 
mand is  increasing,  it  may  become 
practical  in  the  future  to  harvest  tim- 
ber to  increase  water  yield.  The  first 
application  of  this  technique  would 
probably  be  in  the  headwaters  of  the 
Colorado  River.  In  the  more  humid 
East,  timber  harvest  to  augment  low 
summertime  flows  may  be  considered 
in  some  areas. 

Many  questions,  however,  remain. 
Researchers  need  to  learn  more  about 
the  effects  of  changing  snow  deposi- 
tion patterns  on  snowmelt  and 
streamflow,  the  long-term  stability  of 
stream  channels  with  increased  flows, 
the  identification  of  those  combina- 
tions of  soil,  geology,  and  tree  species 
that  will  give  the  largest  increases  in 
water  yield,  and  much  more.  Also, 
timber  harvesting  must  be  planned 
and  carried  out  in  such  a  way  as  not 
to  increase  sedimentation  or  other- 
wise degrade  water  quality. 

Erosion  and 
Sedimentation 

As  the  United  States  was  being  set- 
ded,  the  best  lands — those  most  level 
and  most  fertile — were  put  into  agri- 
cultural uses.  Today,  many  of  the  re- 


maining forests  occupy  land  that  is 
too  steep  to  farm.  Steep  slopes  make 
this  land  highly  susceptible  to  ero- 
sion. When  undisturbed,  forest  cover 
protects  the  soil  from  erosion.  Disrup- 
tion of  the  forest  cover  by  timber  har- 
vest, road  construction,  mining,  heavy 
grazing,  or  wildfire  can  increase  ero- 
sion rates  by  a  factor  of  10,  100,  or 
even  more,  compared  to  undisturbed 
sites.  Erosion  has  a  double  effect  on 
the  forest:  it  depletes  the  soil,  and  the 
deposition  of  eroded  materials  as  sedi- 
ments in  lakes  and  streams  degrades 
the  water  resource. 

Sediment  is  probably  the  greatest 
cause  of  water-quality  degradation  on 
forested  land.  The  highest  rates  of 
sediment  production  from  U.S.  forest 
land  are  in  the  Northwest  and  the 
Southeast.  Sediment  destroys  aquatic 
habitat  and  impedes  human  use  of 
the  water.  Many  kinds  of  fish  need 
clean  gravel  beds  for  spawning,  and 
aquatic  insects  on  which  fish  feed 
live  among  the  pebbles  and  cobbles 
on  the  stream  bottom.  When  sedi- 
ments bury  these  areas,  the  effects  on 
aquatic  life  can  be  severe.  In  the 
Pacific  Northwest,  for  example,  the 
impacts  of  forestry-related  sediment 
on  the  salmon  fishery  is  a  serious 
problem.  Numerous  reservoirs,  large 
and  small,  store  water  from  forested 
areas  for  municipal  use,  irrigation, 
power  production,  flood  control,  and 
recreation.  Sediment  from  poorly 
managed  forest  land  can  fill  these 
structures,  reducing  their  usefulness. 
Sediment  suspended  in  the  water  in- 
creases the  cost  and  difficulty  of 
water  treatment  for  municipal  use. 

Researchers  are  studying  in  detail 
the  erosion  process  on  forest  land  and 
are  finding  new  ways  to  reduce  ero- 
sion and  sedimentation.  In  timber 
harvesting,  for  example,  in  areas 
where  landslides  do  not  occur,  simply 
cutting  trees  does  not  significantly  in- 
crease erosion.  The  machinery  and 
logging  roads  needed  to  move  the 
trees  from  the  forest,  and  sometimes 
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preparation  of  the  site  to  establish  the 
next  stand  of  trees,  are  the  major 
problems.  Road  surfaces  and  cut-and- 
fill  slopes  erode  rapidly.  In  addition, 
poorly  designed  roads  intercept,  con- 
centrate, and  channel  water,  increas- 
ing its  erosive  power.  New  road  de- 
signs and  techniques  for  revegetating 
cut-and-fill  slopes  will  help  to  alle- 
viate this  problem,  as  will  advances  in 
machinery  and  logging  methods. 
Where  surface  mining  is  carried  out 
on  forested  lands,  scientists  are  inves- 
tigating ways  to  reshape  the  land  to 
minimize  sediment  production,  and  to 
revegetate  barren  lands  as  quickly  as 
possible.  Computer  modeling  of  ero- 
sion and  sedimentation  will  point  out 
problem  areas  where  additional  care 
is  needed. 

In  some  forests  dominated  by  steep, 
unstable  slopes,  timber  harvesting 
can  trigger  landslides  that  deliver 
large  amounts  of  sediment  to  streams. 
This  is  common  in  the  Pacific  North- 
west and  coastal  Alaska.  Here,  tree 
roots  are  especially  important  in  help- 
ing to  hold  the  soil  in  place  on  the 
slopes.  When  the  trees  are  cut,  the 
roots  decay  within  a  few  years  and 
landslides  occur.  Scientists  have  in- 
vestigated this  process  and  developed 
techniques  to  identify  those  areas 
most  susceptible  to  landslides,  where 
trees  should  not  be  cut. 

Temporary  increases  in  sediment 
are  almost  inevitable  when  forest 
cover  is  disturbed,  especially  on  steep 
slopes.  But  if  forest  activities  are  car- 
ried out  carefully  and  research  find- 
ings are  applied,  sediment  can  be 
held  to  a  minimum. 

Plant  Nutrients 

Trees  and  other  plants  require  various 
chemical  nutrients  to  grow.  As  fallen 
leaves  and  other  dead  plant  materials 
decay,  the  nutrients  they  contain  are 
released  to  the  soil,  from  which  they 
are  taken  up  again  by  living  plants. 
Some  nutrients,  such  as  nitrogen  and 


phosphorus,  are  in  relatively  short 
supply  and  are  recycled  efficiently. 
Only  small  amounts  escape  from  the 
system  to  enter  lakes  and  streams. 
When  trees  are  harvested,  nutrient 
uptake  by  the  vegetation  is  temporar- 
ily decreased,  and  the  leaching  of  nu- 
trients into  the  water  increases.  In 
certain  situations,  it  can  significantly 
affect  water  quality. 

The  production  of  algae  and  other 
plants  in  forest  lakes  and  streams  is 
normally  limited  by  the  small  amount 
of  phosphorus  available.  Nitrogen 
may  sometimes  be  limiting  as  well. 
Additional  phosphorus  and  nitrogen 
reaching  the  water  from  timber  har- 
vesting or  other  forest  disturbance 
can  trigger  increased  production  of 
aquatic  plants.  In  infertile,  unproduc- 
tive waters,  some  increase  may  be  de- 
sirable, but  larger  nutrient  inputs  can 
result  in  thick  blooms  of  algae  that 
make  waters  unsuitable  for  municipal 
or  recreational  use  and  cause  unde- 
sirable changes  in  aquatic  ecosys- 
tems. High  concentrations  of  nitrogen 
in  the  form  of  nitrate  are  deleterious 
to  human  health  and  harmful  to 
aquatic  animals  as  well. 

Researchers  are  finding  ways  to  re- 
duce these  nutrient  losses  from  the 
forest,  thus  maintaining  the  fertility 
of  the  soil  while  protecting  the  water 
resource.  As  more  forest  land  is  being 
fertilized  with  phosphorus  and  nitro- 
gen to  increase  timber  production, 
this  protection  becomes  increasingly 
important. 

Wastewater  Treatment 

Forest  land  can  be  used  for  waste- 
water treatment.  Even  after  treatment 
at  a  conventional  sewage  treatment 
plant,  municipal  wastewater  contains 
high  concentrations  of  phosphorus 
and  nitrogen.  Cities  and  towns  are 
often  located  near  rivers  and  lakes, 
into  which  this  treated  sewage  is 
dumped.  Nuisance  growths  of  algae, 
premature  aging  of  lakes,  fish  kills, 
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and  general  degradation  of  water 
quality  are  typical  results. 

Research  has  demonstrated  that 
municipal  wastewater  can  be  applied 
to  forest  lands  with  many  beneficial 
results.  Nitrogen  and  phosphorus  are 
retained  by  the  forest,  where  they  in- 
crease tree  growth.  When  precipita- 
tion is  scanty,  the  forest  also  benefits 
from  the  additional  water.  And,  lake 
and  stream  water  quality  is  improved. 
As  demands  for  both  timber  and 
clean  water  increase  in  the  future, 
application  of  wastewater  to  forest 
land  will  become  more  common. 

Pesticides  and  Other 
Chemicals 

A  variety  of  chemicals  are  applied  to 
forest  lands  in  the  United  States,  in- 
cluding insecticides,  herbicides,  fungi- 
cides, rodenticides,  bird  repellants, 
and  fire  retardants,  to  favor  the 
growth  of  desired  tree  species  and  to 
minimize  the  undesired  effects  of 
some  environmental  factors.  A  major 
concern  is  the  prevention  of  water 
pollution  from  these  chemicals. 

Scientists  have  found  that  such 
chemicals  can  enter  the  water  by  sev- 
eral means.  They  may  be  applied  di- 
rectly to  lakes  or  stream  channels 
during  broad-scale  operation,  if  care 
is  not  taken  to  prevent  it,  or  they  may 
drift  on  the  wind  from  applications  to 
nearby  areas.  Water  flowing  over  the 
surface  during  a  storm  or  snowmelt 
may  wash  applied  chemicals  from  the 
land,  either  dissolved  in  the  water  or 
attached  to  sediment  particles.  Chem- 
icals also  may  be  leached  through  the 
soil  by  water,  but  this  is  the  least 
likely  pathway  since  most  chemicals 
such  as  pesticides  are  tightly  held  by 
soils. 

As  forest  management  becomes 
more  intensive  to  meet  the  increased 
demands  for  timber,  the  use  of  chem- 
icals on  forests  will  likely  increase. 
Future  research  will  show  where  and 
how  these  chemicals  can  be  used  ef- 


fectively while  still  meeting  water- 
quality  standards  and  protecting 
aquatic  and  riparian  habitat. 

Acid  Rain 

The  smelting  of  sulfur-bearing  ores 
and  the  burning  of  fossil  fuels  release 
sulfur  and  nitrogen  oxides  into  the  air 
that  return  to  earth  in  precipitation  as 
sulfuric  and  nitric  acids.  The  popular 
term  for  this  phenomenon  is  acid 
rain.  Where  the  deposition  of  acids  is 
high  and  the  capacity  of  the  land- 
scape to  neutralize  acids  is  low,  lakes 
and  streams  become  acidified.  Popu- 
lations of  fish  and  other  aquatic  orga- 
nisms become  stressed  and  ultimately 
die  out.  Various  toxic  metals  that  may 
be  present  in  the  watershed  dissolve 
more  readily  in  acidic  water.  If  this 
happens,  acidified  water  may  become 
unfit  for  drinking. 

Many  areas  in  the  United  States 
are  forested  today  because  the  land  is 
too  poor  for  agriculture.  Soils  may  be 
thin  and  underlain  by  bedrock  or  may 
consist  of  coarse,  infertile  sands. 
These  lands  may  have  little  ability  to 
neutralize  acids  in  rain  and  snow. 
Scientists  are  assessing  the  impacts 
of  acid  deposition  on  the  water  re- 
sources of  these  forests. 

In  the  1950's,  acidic  precipitation 
in  the  United  States  was  limited  to 
New  England  and  the  mid-Atlantic 
States.  Since  then,  acidic  precipita- 
tion has  spread.  Today,  the  most 
acidic  precipitation  still  occurs  in  the 
Northeast,  but  most  of  the  eastern 
half  of  the  country  and  some  isolated 
areas  in  the  West  now  receive  acidic 
rain  and  snow.  Lake  acidification  in 
the  United  States  was  first  seen  in 
New  York's  Adirondack  Mountains. 
Researchers  have  now  found  evi- 
dence of  lake  and  stream  impacts 
over  a  much  wider  area.  A  study  of 
lakes  in  the  forests  of  Minnesota, 
Wisconsin,  and  Michigan  shows  that 
lake  acidification  across  this  region  is 
occurring  in  direct  proportion  to  the 
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acidity  of  rain  and  snow.  Changes  in 
stream  water  chemistry  related  to 
acid  precipitation  have  been  noted  in 
the  mountains  of  North  Carolina. 
Sensitive,  high-elevation  lakes  in  the 
Rocky  Mountains  are  being  studied, 
as  well  as  the  forest  water  resources 
near  population  centers  on  the  West 
Coast. 

Researchers  are  investigating  the 
complex  interactions  among  precipi- 
tation, vegetation,  soils,  geology,  and 
lake  and  streamwater  chemistry.  By 
understanding  these  processes,  they 
can  predict  how  forest  water  re- 
sources will  be  affected  by  future  lev- 
els of  acid  deposition,  whether  deposi- 
tion increases,  decreases,  or  stays  the 
same.  This  information  will  help  leg- 
islators to  set  reasonable  and  respon- 
sible acid-deposition  standards. 


Determining 
the  Effects  of 
Atmospheric 


David  L.  Radloff,  staff  specialist, 
Forest  Environment  Research  Staff, 
Forest  Service 

What  Is  Atmospheric 
Deposition? 

The  quality  of  the  air  can  affect  trees 
and  forests  in  many  ways.  Through 
the  air,  trees  receive  water,  nutrients, 
and  gases  (such  as  carbon  dioxide) 
that  are  essential  for  their  growth. 
During  recent  years,  forest  managers 
and  the  public  have  become  con- 
cerned that  polluted  air  may  be  ad- 
versely affecting  the  health  of  trees 
and  forests  in  large  regions  of  the 
United  States. 

This  concern  is  a  part  of  the  impor- 
tant environmental  issue  known  as 
acid  rain.  Acid  rain  (or  snow  or  fog)  is 
literally  precipitation  that  contains  ab- 
normally high  concentrations  of  acids 
(especially  sulfuric  acid  and  nitric 
acid).  These  acids  may  end  up  in 
streams,  lakes,  soils,  and  plants — pos- 
sibly changing  the  ecological  balance 
and  causing  detrimental  changes  in 
terrestrial  or  aquatic  ecosystems.  In 
addition,  acids  (or  chemicals  that  can 
be  converted  to  acids)  may  be  depos- 
ited on  the  land  in  dry  form,  and  po- 
tentially harmful  gases  also  may  be 
deposited.  All  these  chemicals  may 
influence  the  health  of  forests.  Con- 
sidered together,  these  chemicals  are 
called  atmospheric  deposition. 

Why  Is  There  Concern 
About  Forest  Health? 

Scientists  have  long  known  that  at- 
mospheric deposition  of  certain  pollu- 
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and  causing  detrimental  changes  in 
terrestrial  or  aquatic  ecosystems.  In 
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ited on  the  land  in  dry  form,  and  po- 
tentially harmful  gases  also  may  be 
deposited.  All  these  chemicals  may 
influence  the  health  of  forests.  Con- 
sidered together,  these  chemicals  are 
called  atmospheric  deposition. 

Why  Is  There  Concern 
About  Forest  Health? 

Scientists  have  long  known  that  at- 
mospheric deposition  of  certain  pollu- 


242 


OUR  FOREST  RESOURCES 


Research  for  Tomorrow 


tants  in  high  enough  concentrations 
damages  and  kills  trees.  Examples 
are  the  death  of  trees  in  many  square 
miles  of  forests  from  high  sulfur  diox- 
ide concentrations  near  metal  smelt- 
ers and  high  fluoride  concentrations 
near  aluminum  production  plants. 
These  severe  effects  are  seen  only  in 
the  areas  near  the  sources  of  pollu- 
tants, and  so  are  important  locally  but 
not  regionally. 

Today,  there  is  concern  that  atmos- 
pheric deposition  may  affect  forests 
by  compromising  their  health  over 
large  areas  far  from  the  sources  of 
pollution.  The  chemicals  that  make 
up  atmospheric  deposition  can  be 
transported  many  hundreds  of  miles 
from  their  sources.  Along  the  way, 
they  may  change  from  one  chemical 
form  to  another,  and  their  concentra- 
tions may  alter  as  some  are  deposited 
on  the  ground.  Although  we  know 
that  eventually  some  of  these  chemi- 
cals are  deposited  in  forested  areas, 
we  do  not  know  what  effects  this  re- 
gional atmospheric  deposition  has  on 
forests.  One  goal  of  forestry  research 
is  to  determine  these  effects. 

Is  There  Evidence  of 
Damage  to  Forests? 

Major  concern  about  adverse  effects 
of  atmospheric  deposition  on  forests 
was  first  expressed  in  Europe.  In 
Sweden,  France,  Switzerland,  the 
Federal  Republic  of  Germany,  and 
other  countries,  forest  managers  and 
researchers  have  observed  damage  to 
forest  trees  from  discoloration  of 
needles  and  leaves  through  loss  of  fo- 
liage to  premature  death.  In  the  Fed- 
eral Republic  of  Germany,  a  1985  for- 
est damage  survey  showed  that  about 
half  the  forest  area  has  some  visible 
symptoms  of  damage;  about  19  per- 
cent of  the  area  shows  moderate  to 
severe  symptoms.  Although  the 
causes  of  these  changes  in  forest  con- 
ditions in  Europe  are  not  known  with 
certainty,  biological  research  has  im- 


plicated atmospheric  deposition  as  a 
possible  cause.  Indeed,  during  the 
past  several  years,  a  consensus  has 
developed  among  many  European 
scientists  that  atmospheric  deposition 
is  a  major  contributor  to  forest  health 
problems  in  Europe. 

This  European  evidence  has  sensi- 
tized U.S.  forest  managers  and  the 
public  to  the  possibility  of  forest  dam- 
age from  atmospheric  deposition  in 
this  country.  Several  observations 
about  forest  conditions  in  the  United 
States  have  heightened  the  concern. 

First,  in  the  San  Bernardino  Moun- 
tains east  of  Los  Angeles,  trees  of 
several  species  have  been  damaged 
by  ozone  and  other  oxidants — highly 
reactive  chemicals  that  form  when  ni- 
trogen oxides,  hydrocarbons,  and 
sunlight  interact.  The  trees  have 
shown  symptoms  of  leaf  tissue  dam- 
age and  discoloration,  early  leaf  fall, 
reduced  productivity  (photosynthesis), 
and  reduced  growth.  The  most  sensi- 
tive species  is  ponderosa  pine,  and 
the  most  sensitive  trees  may  be  weak- 
ened enough  so  they  are  ultimately 
killed  by  other  contributing  factors, 
such  as  insects.  The  result  has  been 
a  change  in  the  composition  of  this 
mixed  forest  ecosystem. 

The  San  Bernardino  situation  is  a 
rather  special  case  of  atmospheric 
deposition  damage  to  forests  because, 
this  forest  ecosystem  has  been  ex- 
posed to  high  concentrations  of  a 
known  damaging  gas  for  more  than 
40  years.  No  other  forest  area  has  had 
this  kind  of  regional  exposure  history. 
Controlled  research  studies  over 
many  years  demonstrated  that  spe- 
cific components  of  atmospheric  dep- 
osition (namely  oxidants)  caused  this 
observed  forest  damage. 

Visible  symptoms  characteristic  of 
ozone  damage  have  been  spotted  in 
other  forested  regions,  including  the 
Sierra  Nevada  of  central  California 
and  scattered  stands  of  eastern  white 
pine  (a  sensitive  species)  throughout 
the  Eastern  United  States.  Although 
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Atmospheric  deposition  might  affect  forests  by  causing  changes  in  soil  chemistry. 
Researchers  collect  samples  from  soil  columns  in  an  underground  lab  in  long-term 
studies  to  better  understand  the  relationships  among  forests,  nutrients,  soils,  and 
atmospheric  deposition. 


the  symptoms  appear  to  link  these 
cases  with  ozone,  the  damage  is  less 
severe  than  in  the  forests  near  Los 
Angeles. 

Second,  spruce  and  fir  forests 
growing  at  high-elevation  sites  in  the 
East  seem  to  be  decreasing  in  health 
and  vigor.  At  locations  from  the 
southern  Appalachian  Mountains  to 
New  England,  trees  in  these  forests 
are  showing  symptoms  of  needle  dis- 
coloration and  loss,  and  some  trees 
are  dying  at  unexpectedly  young 
ages.  Research  has  shown  that  these 
high-elevation,  mountain  sites  receive 
some  of  the  highest  rates  of  atmos- 
pheric deposition  in  the  Eastern 
United  States.  It  is  not  known  if  this 
relationship  between  acid  rain  and 
forest  damage  is  merely  coincidental 
or  based  on  cause  and  effect.  Future 
research  will  discover  the  cause  of 
spruce  and  fir  decline  in  the  East. 

Third,  Forest  Service  surveys  and 
research  studies  have  shown  that 
some  eastern  forests  are  growing 
more  slowly  than  expected.  The  rate 
of  diameter  growth  of  red  spruce 
trees  throughout  much  of  the  range 


of  this  species  has  decreased  since 
the  1960's,  on  both  high-  and  low- 
elevation  sites.  Loblolly  pine,  shortleaf 
pine,  and  slash  pine  in  the  important 
commercial  forests  of  the  Southeast- 
ern United  States  also  appear  to  be 
growing  less  rapidly  than  they  were 
several  decades  ago.  This  could  be 
the  result  of  changes  in  any  of  the 
many  factors  that  influence  forest 
health  and  growth,  including 
weather,  climate,  insects,  diseases, 
competition  from  other  plants,  forest 
age,  forest-management  practices, 
and  atmospheric  deposition.  Again, 
research  must  be  conducted  to  sort 
out  these  factors  and  determine  the 
causes  of  the  observed  forest 
conditions. 

What  Research  Is 
Heeded? 

Several  important  decisions  hinge  on 
knowing  whether  atmospheric  deposi- 
tion is  having  a  widespread,  adverse 
effect  on  U.S.  forests.  Forest  man- 
agers need  to  know  how  forests  are 
likely  to  grow  in  the  future  so  the  for- 
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ests  can  be  managed  to  yield  the 
greatest  benefit  to  the  public.  Regula- 
tory agencies,  such  as  the  Environ- 
mental Protection  Agency,  need  to 
know  if  forests  are  being  damaged  so 
effective  clean  air  laws  can  be  imple- 
mented. Congress  needs  to  know 
what  resources  are  being  affected  to 
determine  if  new  legislation  should  be 
passed  requiring  stricter  control  of  air 
pollution  to  reduce  atmospheric 
deposition. 

These  decisions  will  influence  ac- 
tions that  may  involve  millions  to  bil- 
lions of  dollars  each  year.  Research 
on  trees  and  forests  will  provide  re- 
sults that  enable  decisionmakers  to 
select  the  correct  course  of  action. 

The  goal  of  the  research  must  be  to 
answer  three  broad  questions:  (1)  Do 
current  or  expected  levels  of  atmos- 
pheric deposition  decrease  the  health 
and  productivity  of  our  forests? 
(2)  What  physiological  and  ecological 
mechanisms  are  influencing  the  ef- 
fects of  atmospheric  deposition  on 
forests?  (3)  What  changes  in  future 
forest  conditions  can  be  expected  un- 
der different  levels  of  atmospheric 
deposition? 

The  research  to  answer  these  ques- 
tions will  involve  a  blend  of  statistical 
analysis  of  trends  in  forest  conditions 
and  atmospheric  deposition,  empirical 
experiments  to  determine  simple 
cause/effect  relationships,  mechanis- 
tic experiments  to  understand  the  re- 
lationships, and  modeling  to  predict 
future  forest  conditions. 

What  Research  Is  Being 
Conducted? 

The  Federal  Government  began  a  fo- 
cused research  program  on  the  ef- 
fects of  atmospheric  deposition  in 
1980  with  the  creation  of  the  Na- 
tional Acid  Precipitation  Assessment 
Program  (NAPAP).  During  the  first 
several  years,  research  concentrated 
on  atmospheric  chemistry,  meteor- 
ology, and  effects  on  lakes  and 
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Sulfur  dioxide,  nitrogen  oxides,  and 
hydrocarbons  are  put  into  the  air  when 
fossil  fuels  (coal,  gas,  oil,  gasoline)  are 
burned  in  power  plants,  vehicles, 
factories,  and  homes.  These  interact  in 
the  air  to  form  other  chemicals — acids 
and  oxidants.  Together,  these 
chemicals  comprise  atmospheric 
deposition.  (Figure  adapted  from  the 
1984  Annual  Report  of  the  National 
Acid  Precipitation  Assessment 
Program.) 


streams  and  agricultural  crops.  In 
1984,  research  began  in  earnest  on 
acid  rain's  effects  on  forests.  This  for- 
estry research  program  expanded 
considerably  in  1985  and  again  in 
1986. 

USDA  agencies  that  are  contribut- 
ing to  the  research  effort  are  the  For- 
est Service,  the  Agricultural  Research 
Service,  the  Cooperative  State  Re- 
search Service,  and  the  Office  of 
Grants  and  Program  Systems.  The 
Environmental  Protection  Agency  is 
cooperating  with  the  Forest  Service  in 
managing  and  implementing  the  ma- 
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jor  part  of  the  forestry  research  pro- 
gram. The  National  Council  of  the 
Paper  Industry  for  Air  and  Stream 
Improvement  (NCASI)  is  participat- 
ing with  these  two  agencies  in  sup- 
porting the  program. 

The  forestry  research  effort  is  being 
implemented  in  four  major  forest  re- 
gions: eastern  spruce  and  fir  forests, 
southern  commercial  (pine)  forests, 
eastern  hardwood  forests,  and  west- 
ern coniferous  forests. 

Correlation  studies  are  being  con- 
ducted to  relate  forest-condition  varia- 
bles (e.g.,  growth  rate,  visible  symp- 
toms) with  atmospheric  deposition 
variables.  These  studies  will  refine 
our  understanding  of  the  possible  ex- 
tent of  the  forest  problem.  Although 
such  studies  cannot  prove  or  disprove 
cause  and  effect  relationships,  they 
will  screen,  strengthen,  and  suggest 
hypotheses  that  can  be  tested 
experimentally. 

Empirical,  controlled  experiments 
are  being  conducted  on  effects  of  am- 
bient, reduced,  and  increased  levels 
of  atmospheric  deposition  on  trees. 
These  controlled  exposure  experi- 
ments will  answer  specific  questions 
about  the  relationship  between  at- 
mospheric deposition  and  tree  health. 
Because  of  the  need  to  carefully  con- 
trol the  environmental  conditions, 
these  experiments  can  be  conducted 
only  on  seedlings.  To  begin  to  under- 
stand relationships  between  atmos- 
pheric deposition  and  larger  trees,  ex- 
periments will  be  conducted  using 
controlled  exposures  of  parts  of  ma- 
ture trees  in  the  forest  or  using 
grafted  mature  branches  in  controlled 
environments. 

Mechanistic  studies  of  chemical, 
physiological,  and  ecological  proc- 
esses are  being  conducted  to  test  spe- 
cific hypotheses  of  effects  of  atmos- 
pheric deposition  on  trees  and  forests. 
These  studies  will  provide  the  most 
definitive  answers  to  questions  about 
cause  and  effect  relationships.  The 
mechanistic  studies  will  help  extend 


the  results  of  the  more  restricted  em- 
pirical studies  and  will  make  it  possi- 
ble to  develop  models  to  predict  fu- 
ture forest  conditions. 

What  Results  Are 
Expected? 

The  correlation  studies  and  empirical 
studies  will  produce  results  over  the 
next  2  to  5  years  that  will  help  to 
clearly  define  the  scope  of  the  atmos- 
pheric deposition  problem  with  re- 
spect to  forests.  The  empirical  studies 
will  further  help  to  confirm  or  refute 
hypotheses  about  specific  components 
of  atmospheric  deposition  that  may 
have  adverse  effects  on  certain  tree 
seedlings.  Studies  that  test  direct  ef- 
fects of  deposition  on  aerial  parts  of 
plants  will  produce  results  in  1  to  2 
years.  Tests  of  indirect  effects,  such 
as  effects  on  soil  nutrients,  may  re- 
quire many  more  years  to  produce 
meaningful  results. 

The  mechanistic  studies  and  mod- 
eling studies  will,  in  general,  begin  to 
yield  results  over  the  next  5  to  10 
years.  Studies  of  some  currently  well- 
defined  hypotheses,  however,  can  be 
expected  to  produce  results  in  less 
than  5  years.  The  mechanistic  studies 
and  the  modeling  efforts  will  ulti- 
mately answer  the  question  of  how 
and  why  atmospheric  deposition  af- 
fects the  health  and  growth  of  forests. 

This  is  only  a  part  of  a  larger  ques- 
tion that  this  forestry  research  will 
help  to  answer:  "How  do  forest  eco- 
systems function,  and  how  do  envi- 
ronmental variables  influence  the 
functioning  of  forest  ecosystems?"  As 
research  answers  this  question,  forest 
managers  will  increase  their  abilities 
not  only  to  protect  forests  from  at- 
mospheric deposition  but  also  to  man- 
age forests  more  effectively  for  the 
benefit  of  all  users. 
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Soil  Erosion  and 
Management 
Activities  on 
Forested  Slopes 

Robert  R.  Ziemer,  -project  leader 
and  principal  hydrologist,  Pacific 
Southwest  Forest  and  Range 
Experiment  Station,  Forest  Service, 
Areata,  CA 


Some  of  the  most  productive  for- 
ests in  the  Western  United  States 
grow  on  marginally  stable  mountain- 
ous slopes,  where  disturbance  in- 
creases the  likelihood  of  erosion. 
Much  of  the  public's  concern  about, 
and,  consequently,  most  of  the  re- 
search on,  erosion  from  these  forested 
areas  is  related  more  to  the  degrada- 
tion of  stream  resources  by  eroded 
material  than  to  the  loss  of  soil  and 
nutrients  from  hillslopes.  Erosion 
from  these  upper  watersheds  is  a 
composite  of  surface,  channel,  and 
mass  erosion  processes.  The  relative 
importance  of  each  process  is  deter- 
mined by  interactions  among  climate, 
soil,  geology,  topography,  and  vegeta- 
tion and  is  the  subject  of  much  of  the 
current  research  on  erosion.  A 
change  in  any  of  these  elements  can 
increase  or  decrease  the  rate  of 
erosion. 

Predicting  Erosion 

The  best-known  method  for  predict- 
ing erosion  is  the  Universal  Soil  Loss 
Equation  developed  for  agricultural 
lands  in  the  Midwest  by  the  U.S.  De- 
partment of  Agriculture's  Agricultural 
Research  Service.  Attempts  to  apply 
the  equation  to  steepland  forest  areas 
generally  have  been  unsuccessful — 
mainly  because  of  inappropriate  basic 


assumptions.  Most  erosion  from  for- 
ests is  not  the  result  of  sheet  overland 
flow.  In  undisturbed  forested  steep- 
lands,  mass  erosion  is  the  dominant 
mechanism  by  which  soil  is  trans- 
ported from  hillslopes  to  stream  chan- 
nels. In  mountainous  areas,  the  ero- 
sion research  most  needed  is  on  the 
causes  of  natural  and  human-induced 
landslides  and  subsequent  sediment 
transport. 

Under  natural  conditions,  as  the 
amount  of  stress  on  a  site  increases, 
the  amount  of  erosion  also  increases. 
A  major  source  of  stress  is  increased 
rainfall,  which  can  be  expressed  in 
terms  of  storm  return  period — the  fre- 
quency with  which  a  storm  of  a  par- 
ticular magnitude  is  expected  to  oc- 
cur. Increased  stress  also  could  be 
caused  by  soil  water  pressures,  seis- 
mic loading  during  earthquakes,  or 
other  factors. 

Erosion  can  be  expressed  as  the 
amount  of  river  sediment,  or  surface 
erosion,  or  frequency  of  landslides. 
Disturbance  by  land-management  ac- 
tivities, such  as  logging,  road  con- 
struction, and  burning,  generally  in- 
creases erosion  rates.  The  location 
and  magnitude  of  the  effects  of  land 
management  on  erosion  rates,  how- 
ever, cannot  be  predicted  accurately  . 

Human  activities  have  their  great- 
est relative  effect  on  erosion  rates 
during  periods  of  low  stress.  Research 
is  beginning  to  suggest  that  manage- 
ment-induced erosion  rates  tend  to 
converge  on  natural  erosion  rates  as 
the  magnitude  of  the  stress  increases, 
but  the  relationships  are  not  yet 
understood.  Similarly,  erosion-control 
activities  are  most  effective  during 
low  stress  conditions  and  become  rel- 
atively less  effective  as  the  magnitude 
of  stress  increases. 

The  natural  condition  often  repre- 
sents the  minimum  erosion  rate,  and 
attempts  to  further  reduce  erosion  are 
generally  ineffective.  But  there  are 
exceptions.  During  low  stress,  effec- 
tive erosion  control  activities  can  re- 
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duce  or  even  eliminate  erosion.  For 
example,  control  structures  in  stream 
channels  can  reduce  sediment  trans- 
port to  below  the  natural  rate  until 
their  storage  capacity  is  exceeded; 
hillside  buttresses  and  check  dams  on 
recent  natural  landslides  can  reduce 
slope  movement  and  surface  erosion 
from  the  landslide  scar;  horizontal 
drains  and  vertical  wells,  which  re- 
move ground  water,  can  reduce  the 
natural  landslide  erosion  rate.  Usu- 
ally, however,  erosion-control  activi- 
ties are  used  to  bring  an  accelerated 
erosion  rate  down  near  the  natural 
rate. 

Erosion  Control 

In  general,  preventing  erosion  is  more 
effective  than  controlling  it.  Also,  the 
potential  for  increasing  erosion  rates 
by  land-management  activities  is 
greater  than  that  for  reducing  erosion 
by  using  erosion-control  techniques. 
Although  these  principles  are  well 
documented,  virtually  no  research  on 
the  effectiveness  of  erosion  control 
over  the  long  term  has  been  done. 

If  control  activities  reduce  erosion 
during  low  stress  periods,  under  some 
conditions  that  stored  or  controlled 
material  may  be  available  to  be 
eroded  during  high  stress  periods.  For 
example,  when  small  check  dams  in 
steep  streams  are  effective  in  control- 
ling sediment  transport  during  small 
runoff  events,  sediment  accumulates 
in  the  channel.  During  large  runoff 
events,  the  material  stored  behind 
unstable  check  dams  can  be  mobi- 
lized, leading  to  a  debris  torrent — a 
much  larger  and  more  destructive 
erosional  event  than  if  that  material 
had  been  transported  during  less 
stressful  events.  Permitting  small, 
sustained  transport  of  debris  during 
normal  events  is  believed  to  lessen 
the  probability  of  a  major  debris  tor- 
rent. Future  research  is  needed  to 
verify  this  potentially  important 
theory. 


Under  such  circumstances,  ero- 
sion-control activities  might  simply 
shift  the  stress-erosion  relationship  so 
that  less  erosion  occurs  during  small 
events  and  more  erosion  occurs  dur- 
ing large,  infrequent  events.  This 
may  be  an  acceptable  alternative  be- 
cause people  and  property  could  be 
protected  during  small  events  with 
expected  frequencies  of  perhaps  once 
in  1  to  10  years.  Loss  of  lives  and 
property  are  inevitable  in  a  large  ero- 
sional event,  but  society  may  be  able 
to  tolerate  this  amount  of  damage 
providing  such  events  occur  only  in- 
frequently, perhaps  once  every  100  to 
200  years.  Also,  the  relative  increase 
in  erosion  rate  during  a  large  event 
might  not  cause  significantly  in- 
creased destruction. 

Similar  value  justifications  are 
commonly  used  for  road  drainage  de- 
sign. Road  drainage  is  not  designed  to 
pass  the  largest  imaginable  event  but 
is  based  upon  economic  and  social 
costs.  The  selected  moderate  design 
allows  the  road  to  be  used  during  all 
events  except  those  exceeding  some 
specified  magnitude. 

Researchers  need  more  studies  that 
address  whether  erosion  controlled  at 
one  place  or  time  can  defer  the  prob- 
lem to  some  later  time.  Not  only  are 
our  models  of  the  effectiveness  of  ero- 
sion control  inadequate,  but  also  the 
expected  frequency  of  mass  erosion 
events  is  not  known. 

For  example,  slope  failures  often 
originate  in  filled  swales,  and  current 
research  suggests  that  human  activity- 
accelerates  the  failure  rate.  If  the 
swales  are  filled  with  periglacial  de- 
posits, then  once  the  material  is  re- 
moved, subsequent  failure  would  not 
be  possible.  Human  activity  would 
simply  compress  the  time  scale  of 
failure,  which  would  be  followed  by  a 
reduction  in  failure  rate  to  less  than 
the  expected  long-term  natural  rate. 
If,  however,  the  swales  are  filled  with 
colluvial  deposits  and  human  activity 
increases  the  filling  rate,  then  both 
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the  short-term  and  long-term  failure 
frequency  would  increase.  The  geo- 
morphic  denudation  rate  and  the  cor- 
responding sediment  transport  rate 
also  would  increase.  Without  ade- 
quate knowledge  of  these  erosional 
mechanisms,  experts  cannot  devise 
appropriate  management  strategies. 

Management  of  Erosion 

The  cumulative  impact  of  manage- 
ment activities  on  erosion  is  a  grow- 
ing concern.  A  common  assumption 
is  that  if  a  small  proportion  of  an  area 
is  logged,  the  rest  will  buffer  the  ef- 
fect of  the  logging  on  downstream 
values.  But  the  proportion  of  a  catch- 
ment that  can  be  logged  without  un- 
due degradation  of  the  stream  re- 
source is  a  matter  of  conjecture  and 
is  based  on  the  assumptions  that  ero- 
sion sources  are  uniformly  distributed 
with  an  equal  probability  of  erosion 
occurring  at  all  locations.  In  fact, 
most  upper  watershed  erosion  occurs 
in  a  few  areas,  with  the  remaining 
area  producing  only  a  small  amount 
of  erosion.  Studies  suggest  that  to 
minimize  erosion  effectively  in  the 
upper  watersheds,  it  is  more  impor- 
tant to  specify  where  land  is  to  be 
treated  than  to  be  concerned  with 
how  much  land  is  to  be  treated. 

In  evaluating  the  cost  effectiveness 
of  erosion  control,  a  longer  time  line 
should  be  used.  In  general,  the  cur- 
rent period  of  concern  of  land  man- 
agement-related erosion  and  its  con- 
trol is  short — several  years  at  most. 
This  may  be  acceptable  for  surface 
erosion,  but  channel  erosion  and 
mass  erosion  can  follow  land  treat- 
ment by  decades.  Understanding  of 
the  timing  of  erosion  relative  to  land- 
management  activities  must  be 
increased. 

The  key  to  successful  management 
of  erosion  and  sedimentation  is  to  in- 
crease our  ability  to  (1)  identify  po- 
tentially erodible  sites,  (2)  correctly 
assess  appropriate  activities  on  those 
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A  tributary  to  Cedar  Creek  on  the  Siuslaw 
National  Forest  near  Mapleton,  OR, 
experienced  a  debris  flow  in  a  clearcut, 
logged  area  that  scoured  the  channel  to 
bedrock. 


sites,  and  (3)  have  a  political  or  regu- 
latory system  that  fosters  the  appro- 
priate action.  In  some  cases,  the  only 
appropriate  action  is  to  do  nothing. 
The  cost  required  to  correct  manage- 
ment-induced erosion  is  often  far  be- 
yond the  benefits  obtained  from  the 
land-management  activity  or  the  costs 
required  to  follow  a  more  sensitive 
alternative. 
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Using  Weather 
in  Forest 
Management 

Michael  A.  Fosberg,  project  leader 
and  research  meteorologist,  Pacific 
Southwest  Forest  and  Range 
Experiment  Station,  Forest  Service, 

Berkeley,  CA 

The  summer  of  1933  in  northwest 
Oregon  had  been  exceptionally 
hot  and  dry.  When  in  mid- August, 
hot,  dry  winds  blew  in  from  the  east, 
all  the  fire  crews  were  ready.  But 
there  were  not  enough  of  them.  Scat- 
tered fires  that  started  in  the  coast 
range  merged  into  what  became 
known  as  the  Tillamook  Burn. 

In  1986,  the  Forest  Service  is  re- 
searching procedures  to  forecast  se- 
vere fire-weather  conditions  like  those 
of  1933  far  enough  in  advance  to 
move  fire  crews  and  equipment  from 
where  little  fire  activity  is  expected  to 
areas  where  conditions  point  to  high 
fire  danger  and  a  shortage  of  equip- 
ment and  manpower.  The  goal  is  to 
rapidly  deploy  fire  crews  while  the 
fires  are  small  and  more  readily 
controlled. 

Current  Weather 
Forecasting 

Weather  forecast  support  for  fire- 
severity  outlooks  currendy  covers  a 
30-day  period.  A  mix  of  the  30-day 
forecasts  for  precipitation  and  temper- 
ature, a  forecast  of  drought  and  soil 
moisture,  and  an  assessment  of  the 
potential  energy  release  of  fires  is 
currently  being  used  to  forecast  po- 
tential fire  severity  for  the  country. 
Fire  management  uses  these  severity 
forecasts  at  the  national  level  to  make 
the  public  aware  of  potential  prob- 
lems as  part  of  fire-prevention  pro- 
grams and  to  work  with  Congress  in 


requesting  resources  to  meet  above- 
normal  demands  on  fire-suppression 
funds.  Nationally  and  regionally, 
these  30-day  forecasts  and  forecasts 
of  shorter  range  (3-5  days)  are  used 
to  alert  underutilized  crews  and 
equipment  for  potential  mobilization 
and  deployment  to  different  portions 
of  the  country. 

Improving  Weather 
Forecasts 

There  are  three  steps  in  improving 
use  of  weather  forecasts  in  forest 
management.  First  is  to  improve  the 
science  of  weather  forecasting.  Sec- 
ond, weather  observations  need  to  be 
collected  at  locations  from  which 
these  data  can  be  effectively  extrapo- 
lated to  predict  weather  in  areas 
where  no  data  are  available.  Learning 
how  to  design  a  weather  station  net- 
work that  provides  required  informa- 
tion and  is  justified  by  the  economies 
of  the  use  of  those  data  must  be  con- 
sidered. The  third  way  is  by  develop- 
ing analytical  tools  to  process  the 
weather  forecasts.  Such  analysis 
transforms  a  weather  forecast  into  es- 
timates of,  among  other  things,  po- 
tential fire  severity,  transport  of  pollu- 
tants or  pesticides,  and  airborne 
transport  of  pests.  With  these  analyti- 
cal tools,  managers  can  translate  a 
weather  forecast  into  a  quantitatively 
useful  form  for  decisionmakers. 

Science  of  Forecasting.  The 

current  forecast  system  has  gaps, 
such  as  5  to  10  days  in  the  future, 
where  needed  information  is  not 
available.  Managers  need  to  know 
that  once  a  decision  is  made  to  stage 
and  deploy  crews  and  equipment, 
they  will  actually  be  needed  when 
they  arrive  at  the  fire.  Likewise,  if 
there  are  limited  crews  and  equip- 
ment to  dispatch,  managers  need  to 
know  which  fires  they  should  be  sent 
to. 

Research  on  weather  forecasting 
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Fire  crews  fell  trees  and  line  them  up  in  parallel  rows  to  slow  the  progress  of  small 
forest  fires. 


holds  much  promise  in  three  areas: 
(1)  Improving  the  precision  of 
weather  forecasts  and,  as  a  result,  the 
accuracy  of  short-range  (3-5  days) 
fire-severity  outlooks;  (2)  developing 
the  capability  to  forecast  fire  severity 
in  the  medium  range  (5-10  days); 
and  (3)  developing  more  precise, 
physically  based  forecasts  in  the  ex- 
tended range  (10-30  days).  Accompa- 
nying this  basic  research  are  pro- 
grams to  use  the  forecasts  in 
management  decisions.  Quantitative 
assessment  of  the  probabilities  of 
forecast  events  and  confidence  in 


those  forecasts  will  be  processed 
through  models  of  fire  ignition  and 
behavior. 

How  does  this  research  benefit  for- 
est management,  the  forest  user,  and 
the  consumer?  First,  improved  use  of 
personnel  and  equipment  in  control- 
ling forest  and  brushfires  will  reduce 
costs.  Second,  forest  and  brushfires 
will  be  attacked  with  adequate  re- 
sources at  an  early  stage,  resulting  in 
better  protection  of  life,  property, 
watersheds,  and  other  forest 
resources. 


Using  Weather  in  Forest  Management 
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Weather  Observations.  Many 

weather  observations  are  now  made 
manually  and,  therefore,  are  limited 
to  those  places  where  we  have  per- 
sonnel. Because  forest  facilities  are 
staffed  along  roads,  which  tend  to  fol- 
low river  drainages  in  mountain 
areas,  and  in  rural  communities  and 
at  the  occasional  fire  lookout,  manual 
weather  observations  and  forecasts 
are  based  on  data  limited  by  human 
demographics. 

To  effectively  support  a  weather  in- 
telligence and  forecast  operation  for 
forest  management,  meteorologists 
need  to  observe  weather  at  those  lo- 
cations where  its  impacts  influence 
decisions  and  where  they  can  effec- 
tively estimate  what  will  take  place 
between  weather  stations.  Research 
on  techniques  to  incorporate  weather 
data  into  geographic  information  sys- 
tems (i.e.,  provide  weather  intelli- 
gence where  needed,  not  just  where 
staff  are)  is  being  conducted.  The  en- 
gineering developments  in  automated 
weather  stations  that  telemeter  data 
through  geostationary  orbiting  satel- 
lites made  this  possible. 

As  a  result  of  this  research, 
weather  station  networks  can  be  de- 
signed for  fire  management,  air- 
quality  assessment,  and  a  variety  of 
other  activities.  The  number  of 
weather  stations  and  their  locations 
will  be  objectively  determined.  An  es- 
timated error  is  determined  for  any 
given  number  of  weather  stations.  As 
a  result,  a  manager  may  determine 
the  acceptable  error  or  risk  and  be  as- 
sured that  the  network  meets  the 
management  accuracy  requirements 
on  a  cost-effective  basis. 

These  newly  designed  weather  sta- 
tion networks  will  provide  improved 
intelligence  on  weather  aspects  of  fire 
severity  and  an  improved  data  base 
on  which  to  make  fire-severity 
forecasts. 


graphic  resolution,  particularly  in  the 
case  of  winds,  is  needed  to  assess  the 
impacts  of  pollution  transported  to  the 
Nation's  forests.  Equally  important  is 
the  requirement  to  predict  the  pattern 
and  amount  of  pesticides  reaching  an 
area  being  sprayed.  The  management 
of  air  resources  to  minimize  adverse 
effects  of  smoke  from  prescribed  fire 
also  requires  that  high-spatial-resolu- 
tion analysis  of  meteorology  informa- 
tion be  generated. 

Research  has  focused  on  develop- 
ing these  analytical  tools  for  use  in 
mountainous  areas  because  mountain 
wind  patterns  are  extremely  variable 
and  less  understood  than  wind  infor- 
mation over  level  ground. 

Results  of  this  research  will  be  ap- 
plied in  air  pollution  evaluations,  such 
as  transport  of  oxidants  or  acidic  par- 
ticulates into  forest  areas. 

Also,  with  the  introduction  of  gypsy 
moths  into  the  mountainous  West, 
predictability  is  needed  to  pinpoint 
where  airborne  transport  of  the  larvae 
might  occur.  Use  of  these  analysis 
tools  will  suggest  likely  areas  to  set 
out  traps  for  assessment  of  the  infes- 
tations and  will  help  to  minimize  the 
area  requiring  pesticides.  This  latter 
use  has  both  economic  and  environ- 
mental consequences — pesticides  are 
expensive  and  not  particularly  selec- 
tive and  their  impact  on  population  of 
desirable  species,  such  as  bees,  can 
be  minimized. 

These  quantitative  analysis  tools 
are  designed  to  (1)  use  observed 
weather  to  provide  a  current  assess- 
ment, and  (2)  forecast  weather  to 
quantitatively  assess  the  future.  Re- 
search has  focused  on  mathematically 
mimicking  physical  and  biological 
processes  so  that,  as  observations  of 
weather  and  forecasts  of  weather  im- 
prove, the  tools  available  to  the 
decisionmakers  and  policymakers  will 
increase  in  accuracy. 


Quantitative  Analysis  Tools. 

Analysis  of  weather  with  high  geo- 
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Forest 
Harvesting9 
Wood 

Utilization, 
and  Products 
of  the  Future 

H.  M.  Montrey,  deputy  director, 
Forest  Products  Laboratory,  and 
John  I.  Zerbe,  manager,  Energy 
from  Wood  Program,  Forest 
Products  Laboratory,  Forest 
Service,  Madison,  WI 

fn  the  United  States,  wood  is  still  a 
major  construction  and  industrial 
material.  Wood  housing  has  been  the 
mainstay  of  the  American  family  from 
the  time  of  the  first  European  set- 
tlers, and  it  remains  important  to  our 
way  of  life.  Today  most  of  our  hous- 
ing is  predominantly  wood  framed. 
Even  single-family  houses  and  low- 
rise  apartment  buildings  with  ma- 
sonry walls  often  have  wood  framing 
behind  the  masonry  veneer  and  fram- 
ing in  floors,  partitions,  and  roofs.  Re- 
sults of  today's  research  in  improving 
the  use  of  wood  from  foundation  to 
rooftop  will  ensure  an  adequate  sup- 
ply of  comfortable  housing  at  a  rea- 
sonable cost  of  construction  in  the 
future. 

The  United  States  is  fortunate  that 
it  also  has  adequate  wood  supplies. 
Improvements  in  harvesting  methods 
and  forest-management  practices  are 
helping  hold  costs  of  timber  to  afford- 
able levels.  Production  of  this  versa- 
tile, renewable,  and  abundant  mate- 
rial now  exceeds  harvest,  and 
available  supply  is  increasing  by  1 
percent  a  year.  Today  much  of  the  ex- 
cess is  in  lower  grade  hardwoods 
(broad-leaved  trees),  but  research  also 
is  leading  to  ways  of  making  these 
trees  attractive  for  use  in  products  of 


tomorrow.  More  efficient  use  also  is 
contributing  to  an  effective  extension 
of  timber  supplies. 

Future  research  will  be  focused  on 
more  closely  matching  product  end- 
use  requirements  with  raw  material 
quality  and  processing  technology.  In 
1952,  only  60  percent  of  the  residues 
generated  at  forest-products  manufac- 
turing plants  were  used  for  other  pur- 
poses, but  in  1976  all  but  4  percent  of 
timber  brought  to  the  mill  was  used. 
Nearly  60  percent  of  processing  resi- 
dues were  used  for  pulp  and  about  20 
percent  for  fuel.  The  remainder  was 
exported  or  used  in  particleboard  and 
a  variety  of  other  products. 

In  the  future,  more  of  the  residues 
are  expected  to  go  into  composite 
panel  products  that  may  be  used  in 
structural  applications  which  previ- 
ously required  boards  or  plywood. 
Research  over  the  past  decade  has 
accelerated  the  manufacture  of  non- 
veneered  structural  panels  such  as 
oriented  strandboard  and  waferboard. 
As  for  other  particleboard  and  fiber- 
board  products,  manufacturing  of 
these  nonveneered  structural  panels 
does  not  require  large  or  straight- 
growing  trees.  Composite  panel  also 
can  be  made  from  a  large  variety  of 
species,  including  hardwoods,  which 
are  often  produced  in  excess. 

Growth  and  use  of  forest  products 
may  be  managed  to  enhance  the  en- 
vironment through  resisting  erosion 
by  water  and  damage  by  wind.  Well- 
managed  forests  also  may  help  in  soil 
conservation  by  maintaining  a  desira- 
ble soil  nutrient  balance.  Harvest  rev- 
enues may  pay  for  better  forestry 
practices  as  well  as  other  forest  uses 
such  as  recreation.  Research  and  de- 
velopment efforts  can  lead  to  im- 
proved harvesting  methods,  higher 
levels  of  forest  land  management,  and 
increased  benefits. 

Just  as  housing  construction  has 
been  based  on  wood,  U.S.  industry 
has  long  depended  on  wood  as  an  im- 
portant raw  material.  In  1972  the  Na- 
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Spaceboard — a  molded  structural 
sandwich  product  made  from  paper — will 
be  used  for  a  variety  of  applications, 
including  wall  and  ceiling  panels  and 
decking. 


tional  Commission  on  Materials  Policy 
found  that,  of  the  21  tons  of  material 
per  capita  required  annually  in  indus- 
trial operations,  9  tons  were  for  fossil 
fuels,  %  ton  for  metals,  and  1  lA  tons 
for  forest  products.  Comparing  dollar 
values  for  these  materials  is  difficult, 
but  the  value  of  primary  forest  prod- 
ucts is  clearly  comparable  to  that  of 
metal  products. 

Besides  its  obvious  uses  in  indus- 
trial and  consumer  products,  wood 
has  several  intriguing  applications  in 
national  security  and  emergency  pre- 
paredness. Wood  is  not  comparable  to 
metals  in  importance  for  armaments 
and  ammunition,  but  it  can  replace 
scarce  metals  in  other  applications 
and  has  some  unique  uses  for  which 
metals  cannot  compete.  Last  year 
marked  the  first  time  since  World 
War  II  that  the  Department  of  De- 
fense awarded  a  contract  for  mine- 
sweepers, and  these  ships  will  be 
made  entirely  of  wood.  Successful 
large  wind  electrical  generators, 
which  have  been  designed  since  the 


energy  crises  of  1973  and  1979,  gen- 
erally use  blades  made  of  wood. 

Wood  Use  in  Housing 

One  of  the  most  innovative  uses  of 
wood  in  housing  construction  and 
one  likely  to  grow  significantly  in  the 
future  is  wood  foundations.  Histori- 
cally, builders  have  contended  that 
durable  foundations  have  to  be  built 
of  masonry.  But  research  has  shown 
that  suitably  treated  wood  and  ply- 
wood foundations  with  proper  drain- 
age of  water  away  from  the  founda- 
tion wall  can  provide  some  economic, 
structural,  and  esthetic  design  advan- 
tages. Wood  foundations  should  prove 
to  be  particularly  beneficial  in  colder 
climates  where  they  may  be  erected 
during  most  of  the  year  and  easily  fit- 
ted with  insulation. 

Wood  Floor  Framing.  Wood  floor 
framing  has  been  improved  recently 
with  the  acceptance  of  a  construction 
method  in  which  floor  surfacing, 
such  as  plywood,  is  glued  to  load-car- 
rying floor  joists  to  provide  composite 
structural  action.  The  result  is  more 
stiffness  and  strength  with  less  mate- 
rial. Increased  use  is  being  made  of 
parallel  chord  trusses  and  I-beams, 
particularly  for  long  spans,  as  availa- 
bility of  wide  lumber  decreases.  In 
the  future,  floor  joists  may  be  molded 
into  structural  shapes,  such  as  I- 
beams,  from  available  particulate  ma- 
terial as  is  used  in  the  manufacture  of 
oriented  strandboard.  Already,  the 
first  plant  is  being  built  to  construct 
framing  members  with  an  inner  core 
weaker  material  and  an  outer  web  of 
stronger  material.  The  plant  will 
manufacture  Com-Ply®,  which  forms 
a  rectangular  cross  section  like  con- 
ventional lumber  studs  and  joists  but 
has  a  particleboard  core  and  veneer 
surface  layers. 

Wall  Framing.  Future  wall  framing 
for  houses  will  likely  see  more  appli- 
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The  Truss-Framed  System  uses  less  lumber  and  requires  fewer  supports  than 
conventional  framing. 


cations  of  composites  and  other  im- 
proved structural  shapes  that  may  be 
fabricated  from  more  abundant  lower- 
value  materials  such  as  strands  from 
hardwoods.  A  new  product  type  from 
pulp  fiber  being  studied  at  the  Forest 
Products  Laboratory  shows  promise 
for  building  modules  as  well  as  im- 
proved paperboard  containers.  This 
product — Spaceboard — is  a  molded 
structural  sandwich  that  has  superior 
strength-to-weight  characteristics  and 
is  not  as  limited  in  orientation  to  load 
application  as  conventional  framing 
materials.  Engineered  paperboard 
structures  could  become  a  reality  and 
make  better  use  of  our  wood  re- 
sources if  adverse  effects  of  moisture 
and  humidity  can  be  overcome. 

Oriented  strandboard  is  a  new 
product  that  fulfills  a  need  for  a  com- 
posite panel  board  with  mechanical 
properties  equivalent  to  those  of 
structural  plywood.  Oriented  strand- 


board  is  composed  of  three  layers  of 
aligned  strands  bonded  together  with 
a  liquid  phenolic  resin.  The  wood 
strands  in  the  top  and  bottom  layer 
lay  parallel  to  panel  direction;  those 
in  the  core  lay  perpendicular  to  the 
panel  direction. 

In  1980,  there  was  only  one  struc- 
tural flakeboard  plant  in  the  United 
States.  Today,  there  are  over  15,  and 
construction  of  other  facilities  has 
been  announced.  Future  research  will 
lead  to  molded  oriented  strand  prod- 
ucts tailored  for  specific  end-use 
application. 

Prebuilt  Frames.  A  new  develop- 
ment gaining  acceptance  for  floor, 
wall,  and  roof  framing  is  the  Truss- 
Framed  System  developed  by  Forest 
Products  Laboratory  engineers.  The 
system  incorporates  an  open-webbed 
floor  truss,  an  open-webbed  roof 
truss,  and  conventional  wall  studs  in 
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a  unitized  frame.  These  frames  are 
delivered  prebuilt  to  the  construction 
site  and  erected  on  the  foundation. 
The  frame  is  constructed  primarily 
from  2  by  4  lumber  instead  of  the 
more  expensive  and  less  available 
2  by  8  and  2  by  10  lumber  common 
in  conventionally  designed  homes. 
Because  the  trusses  can  span  the 
width  of  most  homes,  supports  are 
not  needed  in  the  basement  and  load- 
bearing  walls  are  not  necessary  on 
the  first  floor.  This  will  provide  for 
more  flexibility  in  using  space  to  best 
advantage.  Future  construction  prac- 
tice will  incorporate  increased  use  of 
this  and  other  innovative  modular 
systems. 

As  pressures  build  within  the  wood- 
products  industry  to  penetrate  new 
markets,  innovative  building  systems 
will  be  developed  to  allow  wood  to 
substitute  for  steel  in  nonresidential 
construction. 

Exterior  House  Materials.  Al- 
though the  use  of  wood  for  exterior 
house  siding  has  decreased,  exterior 
forest-products  finish  materials  will 
continue  to  be  used  extensively  in 
house  construction  and  their  charac- 
teristics will  be  improved.  Since  some 
type  of  finish  is  generally  preferred 
for  protection,  performance,  and  ap- 
pearance of  the  wood  itself  whenever 
wood  is  used  outdoors,  research  ef- 
forts are  aimed  at  developing  more  re- 
liable pretreatments  and  finishes  to 
increase  wood's  longevity.  Better 
paints,  stains,  water  repellants,  and 
other  preservative  treatments  will  be 
developed  as  well  as  better  wood  and 
wood  composite  substrates  on  which 
to  apply  these  products. 

Processing 
improvements 

Increased  benefits  should  come  from 
improvements  in  processing  wood 
raw  materials  to  make  the  products 
better  and  more  economically. 


New  Ways  to  Use  Hard- 
woods. A  new  process,  Saw-Dry- 
Rip,  uses  medium-density  hardwoods 
to  make  structural-grade  lumber, 
which  is  normally  made  from  scarcer 
and  more  expensive  softwoods.  Cur- 
rently, little  or  no  structural  lumber  is 
made  from  hardwoods,  in  part  be- 
cause it  warps  and  twists  when  it  is 
sawed  and  dried  conventionally.  With 
Saw-Dry-Rip  and  with  additional  ben- 
efit from  high-temperature  drying, 
stresses  in  the  wood  are  relieved  and 
warp  is  reduced.  This  means  the 
wood  is  cut  straight  and  stays 
straight. 

Press  drying  of  paper  will  also  per- 
mit the  use  of  hardwoods  for  more 
conventional  purposes.  Traditionally, 
papermakers  prefer  softwoods  be- 
cause their  fibers  bond  more  easily 
than  high-density  hardwood  fibers, 
which  are  short  and  stiff.  By  applying 
heat  and  pressure  to  a  wet  web  of 
wood  fibers  simultaneously  rather 
than  separately,  press  drying  pro- 
duces strong  paper  from  100-percent 
hardwood  pulp. 

Steam  Injection  Pressing.  In 

the  manufacture  of  waferboard, 
particleboard,  and  medium-density 
fiberboard,  a  new  steam  injection 
pressing  process  will  reduce  press 
time  up  to  90  percent  on  thick 
boards.  With  this  new  process,  resin- 
coated  flakes  are  formed  into  a  mat 
and  loaded  into  a  press  as  in  conven- 
tional processes.  Then,  under  com- 
puter control,  saturated  steam  is  in- 
jected into  the  mat.  This  permits  the 
center  of  the  board  to  quickly  attain 
high  temperatures  as  the  board  is 
compacted,  and  the  high  temperature 
accelerates  the  resin  cure.  Besides  re- 
ducing the  press  time  significantly, 
the  process  also  permits  use  of 
smaller  equipment.  The  end  result  is 
large  savings  in  energy  and  capital 
costs.  Steam  injection  pressing  also 
can  incorporate  additives  for  greater 
durability  and  fire  resistance. 
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Automation  of  Lumber  Pro- 
duction. Perhaps  the  greatest  im- 
provement in  wood  processing  will  be 
full  automation  of  lumber  production, 
since  lumber  is  the  most  important 
manufactured  solid  wood  product. 
Wood  processing  centers  will  depend 
less  on  human  decisionmaking  and 
physical  labor.  Skilled  technicians  will 
monitor  the  automated  operations  us- 
ing advanced  computerized  devices. 
These  techniques,  coupled  with  state- 
of-the-art  processing  techniques  such 
as  laser  cutting  and  use  of  advanced 
cutting  materials,  show  much  prom- 
ise for  the  future. 

Advanced  Drying  Technol- 
ogy. For  wood  to  perform  satisfactor- 
ily in  many  applications,  it  must  be 
dried  to  a  moisture  content  in  har- 
mony with  the  environment  where  it 
is  used.  Otherwise,  splitting,  twisting, 
shrinking,  swelling,  and  warping  in 
place  will  cause  problems.  Advanced 
drying  technology  should  result  in 
improved  quality  and  shorter  drying 
times.  Savings  will  then  result  from 
elimination  of  drying  defects,  conser- 
vation of  energy,  and  reduction  of 
storing  and  handling  costs. 

Design  Improvements 

Because  of  past  utilization  practices, 
much  of  the  hardwood  forest  is  com- 
posed of  low-quality  trees.  So  it  is  be- 
coming increasingly  important  to  use 
this  lower  value  material  more  effec- 
tively. Harvesting  removes  only  about 
half  of  the  woody  material,  and  each 
subsequent  step  in  the  processing 
chain  generates  additional  residues. 
Even  the  best  grades  of  wood  are  not 
used  to  maximum  efficiency  because 
we  do  not  know  enough  about  wood's 
material  properties. 

For  the  future,  reconstituted  panel 
and  fiber  products  provide  an  oppor- 
tunity to  produce  engineered  mate- 
rials that  optimize  particle  or  fiber 
properties  to  meet  specific  end-use 
requirements  and  reduce  overdesign. 


Modern  engineering  design  practices 
require  a  more  precise  estimation  of 
lumber  properties  than  can  be 
achieved  with  current  procedures.  To- 
day, strength  properties  are  usually 
assigned  by  visual  grading  and  corre- 
lating appearance  with  recorded  val- 
ues from  tests  of  specimens  that  did 
not  have  apparent  strength-reducing 
characteristics.  In  the  future,  we  will 
see  more  improved  systems  for  auto- 
mated lumber  grading  in  which 
structural  pieces  are  nondestructively 
evaluated  and  assigned  strength  val- 
ues. As  characteristics  of  the  softwood 
resource  change  because  of  increas- 
ing volumes  of  plantation-grown 
trees,  automated  lumber  grading  will 
become  pervasive. 

Industrial  Chemical 
Products  and 
Biotechnology 

The  promise  for  industrial  chemical 
and  biotechnology  products  from 
wood  is  bright.  Industrial  chemical 
products  from  wood  have  a  long  his- 
tory and  form  the  basis  for  the  large 
pulp  and  paper  industry  and  other 
significant  segments  of  our  economy. 
Research  is  building  on  this  founda- 
tion to  provide  successful  new  prod- 
ucts to  replace  those  made  from  pe- 
troleum and  other  materials.  Products 
from  biotechnology  are  just  beginning 
to  leave  the  laboratory,  but  success  in 
areas  such  as  waste  treatments  is  an 
indication  that  this  technology  will 
have  a  strong  impact  on  our  future 
progress. 

Some  industrial  chemical  products 
from  wood  are  such  diverse,  long- 
established  commodities  as  charcoal, 
rayon,  and  natural  rubber.  An  exam- 
ple of  a  product  from  biotechnology 
that  has  penetrated  the  market  is 
mushrooms  grown  on  wood. 

The  potential  for  increased  use  of 
wood  for  industrial  chemicals  and 
products  from  biotechnology  is  closely 
tied  to  the  productive  potential  of 
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wood  biomass  systems.  Approximately 
20  billion  dry  tons  of  standing  ligno- 
cellulosic  biomass  in  the  United 
States  could  be  doubled  or  tripled 
with  intensive  forestry.  Each  year 
about  6  million  dry  tons  of  wood  are 
generated  and  recycled  to  the  soil 
without  further  use.  Shrubs,  small 
trees,  bark,  foliage,  and  harvesting 
residues  occur  in  large  quantities  in 
many  localities.  Much  of  this  woody 
biomass  is  suited  for  use  in  industrial 
chemical  or  biological  products. 

Among  the  products  that  will  be 
derived  increasingly  from  wood  are 
fuels,  pharmaceuticals,  adhesives, 
plastics,  and  resins.  New  chemical 
and  biological  modification  of  wood 
and  paper  will  produce  materials  that 
are  more  moisture-, fire-,  and  decay- 
resistant. 

Fuels.  Fuels  are  an  obvious  outlet 
for  some  of  the  presently  unused 
wood  that  can  be  chemically  or  bio- 
logically processed  but  is  unsuited  for 
lumber,  veneer,  paper,  or  other  con- 
ventional products.  Alcohol  fuels  for 
blending  with  gasoline  are  derived 
from  wood  in  insignificant  quantities 
(4  to  5  million  gallons  a  year)  but  in 
the  future  this  output  is  likely  to  in- 
crease many  times. 
Both  chemical  and  biological  proc- 


esses are  being  improved  to  make  this 
feasible.  Extracting  ethyl  alcohol  from 
wood  is  based  on  a  hydrolysis  process 
known  for  150  years,  but  improve- 
ments in  the  common  chemical  re- 
action with  water  in  the  presence  of 
acid  catalysts  are  making  the  end 
product  more  competitive  with  ethyl 
alcohol  from  other  sources  and  with 
other  fuels. 

A  significant  new  development  is 
the  proven  feasibility  of  biological  en- 
zyme hydrolysis  of  cellulose,  which 
comprises  about  50  percent  of  wood, 
to  glucose.  Glucose  is  a  sugar  that 
can  be  fermented  readily  to  ethyl  al- 
cohol. Biological  enzyme  hydrolysis 
can  convert  80  percent  of  the  cellu- 
lose, while  acid  hydrolysis,  in  its  pres- 
ent state  of  development,  converts 
only  about  50  percent. 

Perhaps  of  even  more  significance, 
biotechnology  research  at  the  Forest 
Products  Laboratory  and  elsewhere 
has  shown  how  to  ferment  another 
sugar,  xylose,  to  ethyl  alcohol.  Xylose 
is  a  common  derivative  of  hemicellu- 
lose  from  hardwoods.  (Hemicellulose 
makes  up  about  half  of  the  noncellu- 
losic  portion  of  wood;  the  other  main 
constituent  of  wood  is  lignin.) 

Other  alcohols  that  are  used  in- 
creasingly as  octane  enhancers  with 
gasoline  are  methyl  alcohol  and  butyl 
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alcohol.  Another  name  for  methyl  al- 
cohol is  wood  alcohol,  as  it  was  origi- 
nally made  from  wood.  Now  it  is 
manufactured  more  economically 
from  natural  gas,  and  it  also  may  be 
made  from  coal.  Nonetheless,  methyl 
alcohol  from  wood  is  a  potential  fuel 
of  the  future,  either  for  use  in  blend- 
ing with  gasoline  or  without  mixing 
with  other  fuels.  Even  today,  racing 
cars  run  on  methyl  alcohol  or  metha- 
nol, terms  that  are  used  interchange- 
ably. It  is  now  possible  to  ferment 
butyl  alcohol  from  wood,  and  this 
product  will  likely  become  more  com- 
petitive in  the  future. 

Gases  and  Oils.  In  the  future, 
gases  and  oils  will  be  derived  from 
forest  products.  Gases  are  obtained 
mainly  through  pyrolysis  processes  in 
which  wood  is  heated  in  the  absence 
of  sufficient  oxygen  for  combustion. 
Other  products  such  as  charcoal  also 
may  be  produced,  or  the  wood  is  con- 
verted almost  wholly  to  gas.  The  gas 
is  most  commonly  generated  as  a  low 
or  medium  heat-value  gas.  A  high 
heat-value  gas  comparable  to  natural 
gas  could  be  obtained  only  through 
an  additional  enrichment  process. 

Hydrocarbon  oils  can  be  obtained 
through  naturally  occurring  chemi- 
cals contained  in  some  trees.  One  ex- 
ample is  the  seed  of  the  Chinese  tal- 
low tree,  introduced  to  the  United 
States  by  Ben  Franklin  in  1763.  It 
has  become  naturalized  throughout 
most  of  the  coastal  South  and  in 
moist  parts  of  southern  California. 

Pharmaceuticals  and  Cos- 
metics. Among  the  possible  medici- 
nal chemicals  to  be  derived  from 
wood  in  the  future  are  steroids  for 
such  uses  as  contraceptives,  cortico- 
steroids, and  geriatric  drugs.  Steroids 
are  obtained  from  tall  oil,  an  impor- 
tant extractive  compound  found  in 
pines  and  some  other  softwood  spe- 
cies. Tall  oils  contain  phytosterol  for 
steroid  production,  which  can  replace 


a  similar  chemical  from  more  expen- 
sive soybeans,  freeing  up  the  soy- 
beans for  food  and  animal  feed.  Other 
related  sterol  compounds  may  be 
used  as  emulsifiers,  emulsion  stabiliz- 
ers, viscosity  modifiers,  and  emol- 
lients in  cosmetics.  The  chemical  I> 
dopa,  for  treating  Parkinson's  disease, 
also  can  be  derived  from  trees. 

It  is  impossible  to  tell  how  many 
diseases  may  be  treated  with  pharma- 
ceuticals derived  from  the  forest,  but 
species  diversity  in  our  forests  must 
be  maintained  so  that  the  potentially 
beneficial  chemicals  contained  in  dif- 
ferent trees  will  not  be  lost  through 
their  extinction.  Many  of  our  medi- 
cines have  originated  from  plants,  in- 
cluding trees,  and  this  pattern  is 
likely  to  continue. 

Adheshres  and  Other  Prod- 
ucts from  Lign'm.  The  lignin  frac- 
tion of  wood  has  long  been  a  tempt- 
ing, but  mostly  unproductive,  subject 
of  research  in  our  quest  for  valuable 
chemicals.  Today  some  20  million  dry 
tons  of  lignin  from  pulping  operations 
go  unused  each  year.  The  lignin  by- 
product of  kraft  pulping  operations  is 
used  for  fuel. 

Waste  pulping  liquors  are  processed 
on  a  small  scale  to  produce  commer- 
cial vanillin,  dimethylsulfoxide,  and 
lignosulfonates,  but  in  the  future 
other  products  are  likely  to  lead  to 
more  intensive  utilization.  Vanillin  is 
important  for  flavoring,  but  it  is  used 
in  such  small  quantities  that  it  does 
not  constitute  a  major  market.  Di- 
methylsulfoxides  and  lignosulfonates 
have  greater  established  and  potential 
markets  as  oil  field  chemicals,  surfac- 
tants, dispersants,  binders,  concrete 
admixtures,  and  sequestering  agents. 

Among  the  most  promising  prod- 
ucts from  lignin  are  adhesives,  phe- 
nolic compounds,  toluene,  and  ben- 
zene. Adhesives  derived  from  wood 
lignin  are  likely  to  be  substituted  for 
the  durable  phenolic  adhesives  now 
used  in  the  manufacture  of  plywood. 
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Other  adhesives  may  be  produced 
from  the  tannins  and  carbohydrates 
in  wood. 

The  study  of  biotechnical  ap- 
proaches to  converting  byproduct  lig- 
nins  to  more  useful  products  has  only 
begun.  In  the  future,  lignin  will  be 
biodegraded  to  produce  many  diverse 
low-molecular-weight  products.  On 
the  other  hand,  retaining  the  high- 
molecular-weight  character  of  lignin 
without  breaking  it  down  while 
speeding  other  chemical  interactions 
to  provide  useful  compounds  similar 
to  plastics  might  turn  out  to  be  more 
advantageous. 

Plastic  and  Plastic  Fiber 
Products.  Although  wood  is  a  mag- 
nificent competitor  for  many  plastics 
in  its  own  right,  it  is  likely  to  be  used 
more  as  a  feedstock  for  synthetic 
plastics  in  competition  with  plastics 
made  from  petroleum.  Today,  polyeth- 
ylene made  from  petroleum  is  the 
fundamental  building  unit  for  many 
plastic  products,  but  wood  is  becom- 
ing more  nearly  competitive  for  this 
market.  When  oil  prices  were  ap- 
proaching $40  per  barrel,  it  might 
have  been  practical  to  make  ethylene 
and  polyethylene  from  wood  through 
an  intermediate  ethyl  alcohol  hydroly- 
sis. As  the  technology  for  making 
ethyl  alcohol  from  wood  is  improved, 
the  feasibility  of  deriving  polyethylene 
plastics  from  wood  is  enhanced. 

Other  plastic  and  plastic  fiber  prod- 
ucts normally  made  from  wood  are 
cellophane,  cellulose  acetate,  and 
rayon.  Wood  was  originally  used  in 
the  manufacture  of  nylon  fiber  and  is 
likely  to  be  used  more  in  the  future,  if 
a  precipitating  agent  such  as  furfural 
can  be  made  economically  from  wood. 
Presently,  wood  hemicellulose  can  be 
used  to  produce  this  agent. 

Rubber.  Synthetic  rubber  also  may 
be  produced  from  wood.  Normally 
this  product  is  made  from  butadiene, 
which  can  be  derived  from  ethyl  alco- 


hol. In  another  approach,  butane-2, 
3-diol  is  derived  from  wood  through 
biological  fermentation  and  used  as  a 
precursor  for  synthetic  rubber. 

Ofeoresins.  Oleoresins  from  tall  oil 
and  other  wood  extractive  fractions 
are  another  reservoir  of  chemicals  for 
the  future.  Among  the  products  that 
can  be  derived  from  them  in  addition 
to  the  medicinals  and  cosmetics  men- 
tioned previously  are  adhesives,  spe- 
cial plastics,  and  high-value  fuels. 

Food.  The  concept  of  feeding  ani- 
mals and  people  from  wood  is  another 
area  in  its  infancy.  Today,  the  field  is 
limited  to  yeast  from  some  pulp  mill 
wastes  and  molasses  from  hemicellu- 
lose obtained  as  a  byproduct  of  hard- 
board  manufacture.  Mushrooms  are 
raised  on  wood  substrates  to  a  limited 
degree  in  the  United  States.  Only 
now  has  the  shiitake  mushroom  in- 
dustry established  a  foothold,  but 
there  is  a  good  opportunity  for  this  in- 
dustry to  benefit  from  new  technol- 
ogy, grow,  and  displace  shiitake 
imports. 

Special  sugars  and  related  chemi- 
cals from  wood  have  advantages  over 
more  conventional  products.  Xylitol 
and  sorbitol  can  displace  sucrose  and 
help  in  preventing  tooth  decay.  Glu- 
cose also  has  special  dietetic 
applications. 

Other  Chemical  Products. 

Among  other  potential  growth  chemi- 
cals from  wood  are  glycerol  for  explo- 
sives, tannins  for  curing  leather,  am- 
monia and  urea  for  fertilizer,  and 
high-quality  wax  for  special  applica- 
tions. Organic  acids  such  as  formic, 
acetic,  propionic,  saccharinic,  suc- 
cinic, and  many  others  are  likely  to 
be  derived  from  wood  and  to  substi- 
tute for  organic  acids  from  other 
sources.  These  acids  may  be  used  in 
the  manufacture  of  many  other  prod- 
ucts. As  an  example,  acetic  acid  may 
be  processed  to  such  consumer  com- 
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modities  as  vinyl  and  cellulose 
acetate. 

Biotechnology  Applications. 

Many  other  biotechnology  applica- 
tions can  add  to  the  quality  of  life  in 
the  future.  Trees  of  the  future  will  be 
superior  to  those  of  today,  partly  be- 
cause biotechnology  promises  to  de- 
crease the  time  required  for  identify- 
ing and  propagating  selected  better 
trees,  and  plant  tissue  culture  will 
provide  alternative  means  to  clone  su- 
perior trees.  Traits  such  as  growth  ef- 
ficiency, photosynthetic  efficiency, 
stress  tolerance,  and  resistance  to  dis- 
eases, frost,  drought,  salinity,  herbi- 
cides, and  heavy  metals  and  other 
chemicals  may  be  screened  in  tissue 
culture. 

Biological  fixation  of  atmospheric 
nitrogen  has  the  potential  to  offset 
the  need  for  commercial  nitrogen  fer- 
tilizers. It  should  be  possible  to  de- 
velop nitrogen-fixing  clones  of  the 
best  tree  species  that  already  absorb 
nitrogen  from  the  air  and  fix  it  in  the 
ground.  It  may  be  possible  to  create 
hybrids  between  species  that  fix  ni- 
trogen and  other  trees  that  are  desira- 
ble for  different  purposes.  Better 
strains  of  bacteria  that  fix  nitrogen 
can  be  developed. 

Growth  of  forest  trees  may  be  im- 
proved in  the  future  by  inoculating 
the  soil  with  mycorrhizae,  or  root- 
fungus  structures  formed  by  special 
types  of  fungi.  Experiments  on  inocu- 
lation of  southern  pines  with  selected 
strains  of  the  fungus  Pitholithus  tinc- 
torius  have  dramatically  increased 
survival  and  growth  on  adverse  sites. 

Spraying  chemicals  on  forests  to 
control  insects  or  disease  has  met 
with  only  limited  success,  is  environ- 
mentally questionable,  and  is  often 
not  cost-effective.  Biotechnology  can 
play  an  important  role  in  developing 
pest-resistant  varieties  of  trees  and  bio- 
logical control  agents,  particularly  for 
insect  pests  and,  possibly,  for  forest 
diseases.  Italian  researchers  have 


demonstrated  that  a  virus  can  kill  the 
fungus  that  causes  chestnut  blight. 

In  the  processing  of  wood,  biotech- 
nology will  affect  how  pulp  and  paper 
are  made.  For  instance,  pines  engi- 
neered to  overproduce  turpentine  or 
pulpwood  with  a  lowered  lignin  con- 
tent will  have  to  be  pulped  differently 
from  the  way  today's  wood  is  pulped. 
Because  certain  micro-organisms  can 
partially  break  down  the  cell  walls  of 
wood,  biological  (nonchemical)  pulp- 
ing may  be  possible  in  the  future. 

Pulp  and  paper  mills  also  produce 
much  more  waste  than  the  lignin 
mentioned  previously.  Based  on  the 
sizes  of  U.S.  industries  and  the  char- 
acteristics of  the  waste  streams,  1.2 
million  metric  tons  of  sugar  could  be 
available  annually  from  sulfite  pulp 
mills  in  North  America,  and  about  1.5 
million  metric  tons  of  cellulosic  mate- 
rial could  be  recovered  from  primary 
sludges  in  kraft  pulp  mills.  Hardboard 
and  insulation  board  plants  produce 
about  150,000  metric  tons  of  nonuti- 
lized  sugar  annually.  Each  of  these 
byproduct  streams  could  be  used  for 
the  production  of  numerous  fermen- 
tation chemicals  or  microbial  protein 
with  the  application  of  biotechnologi- 
cal  processing.  Because  lignins  do  not 
serve  as  growth  substrates  for  mi- 
crobes, their  use  as  substrates  for 
conversion  to  protein  or  other  fermen- 
tation products  is  apparently  not  pos- 
sible without  extensive  pretreatment. 

The  pulp  and  paper  industry  al- 
ready depends  on  microbial  technol- 
ogy to  treat  its  manufacturing  wastes, 
and  microbes  are  being  improved  to 
degrade  specific  industrial  wastes  or 
recalcitrant  products.  The  Forest 
Products  Laboratory,  in  cooperation 
with  North  Carolina  State  University, 
has  recently  investigated  the  use  of 
white-rot  fungi,  which  degrade  lignin, 
to  decolorize  the  highly  colored  first 
extraction-stage  effluent  of  pulp  mills. 
This  process  holds  much  promise  for 
successful  commercial  use  in  the 
future. 
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Assessing 
Forest 
Resources 
and  Demands 

David  Darr,  group  leader,  Demand, 
Price,  and  Trade  Analysis,  Forest 
Resources  Economics  Research 
Staff,  Forest  Service 

Reasons  for  Assessing 
Forest  Resources  and 
Demands 

Simply  put,  the  Forest  Service  as- 
sesses supplies  and  demands  for 
United  States'  forest  resources  be- 
cause we  have  to.  The  Secretary  of 
Agriculture  is  directed  by  law  to  pre- 
pare "an  analysis  of  present  and  an- 
ticipated uses,  demand  for,  and  sup- 
ply of  the  renewable  resources,  with 
consideration  of  the  international  re- 
source situation,  and  an  emphasis  of 
pertinent  supply  and  demand  and 
price  relationship  trends."  And  the 
Forest  Service  acts  as  his  agent  in 
this  assessment. 

But  more  importantly,  we  see  our 
Agency  as  custodians  of  the  Nation's 
renewable  resources:  outdoor  recrea- 
tion, wildlife  and  fish,  range,  timber, 
and  water.  Since  the  mining  of  min- 
eral resources  often  has  significant 
effects  on  renewable  natural  re- 
sources, our  analyses  also  include 
minerals.  Results  of  periodic  assess- 
ments are  used  in  developing  pro- 
grams to  deal  with  projected  resource 
situations. 

Lead  times  can  be  long  for  pro- 
grams to  have  much  influence  in  a 
resource  area  such  as  timber,  so  pro- 
jections are  made  50  years  into  the 
future.  The  Forest  and  Rangeland 
Renewable  Resources  Planning  Act 
calls  for  an  assessment  of  the  supply- 
demand  situation  every  10  years. 


Plans  are  now  under  way  for  the  third 
assessment  due  in  1989.  The  last  as- 
sessment was  done  in  1979,  with  an 
update  in  1984,  and  contained  projec- 
tions to  2030. 

Assessments  Analysis 

Assessments  are  done  by  specialists 
who  concentrate  on  an  assigned  re- 
newable resource.  The  analysis  of 
each  specialist  is  organized  around 
the  following  points:  1)  Analysis  of 
long-term  trends,  demands,  and  sup- 
plies; 2)  social,  economic,  and  envi- 
ronmental implications  of  trends  in 
demands  and  supplies;  3)  description 
of  the  resource  base;  4)  opportunities 
to  manage  and  use  the  resource  base 
to  meet  the  goals  of  society;  and 
5)  quantification  of  the  major  implica- 
tions of  the  analysis  for  the  Forest 
Service's  Renewable  Resources  Plan- 
ning Act  (RPA)  Program. 

The  future  is  uncertain;  projections 
into  the  future  must  rest  on  assump- 
tions about  the  effects  of  selected  vari- 
ables and  their  interactions  on  forest 
resource  supplies  and  demands.  Pro- 
jection methodologies  vary  among  the 
renewable-resource  areas  and  depend 
on  adequacy  of  the  data  available.  Es- 
pecially in  the  areas  of  economics  and 
sociology,  relationships  among  vari- 
ables can  change  rapidly  over  time. 
By  contrast,  measures  of  physical  re- 
lationships such  as  tree  growth 
change  relatively  slowly  over  time. 

Various  types  of  research  are 
needed  to  develop  the  information  re- 
quired for  an  assessment  of  each  of 
the  resource  areas.  There  axe  several 
ways  to  classify  this  research,  but  it 
all  deals  in  one  way  or  another  with 
demand  and  supply. 

Demand  for  Resources 

Resource  demand  can  be  measured 
in  general  ways  and  in  ways  specific 
to  a  resource  area.  General  measures 
of  demand  are  population,  gross  na- 
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tional  product,  and  personal  income. 
Current  expectations  are  that  the 
U.S.  economy  will  continue  to  grow, 
with  more  people  with  more  money  to 
spend,  leading  to  increased  demands 
for  all  resources. 

Historical  data  can  be  used  to  de- 
velop long-term  trends  in  the  relation- 
ship between  consumption  and  the 
measures  of  resource  demand.  For 
example,  trends  in  variables  such  as 
prices  and  consumption  measure  the 
outcomes  of  market  interactions. 
They  implicitly  include  the  influences 
of  government  policies  and  many 
other  variables  and  policies.  Analysts 
not  only  define  and  describe  these 
trends  but  also  decide  whether  or  not 
historical  relationships  will  continue 
into  the  future. 

They  can  make  long-term  projec- 
tions in  some  renewable-resource 
areas  better  than  in  others,  and  tech- 
nical issues  also  vary  from  one  re- 
source to  another.  But  the  overall  ap- 
proach to  making  these  projections  is 
similar  for  all  resource  areas.  The 
timber  area  has  the  most  advanced 
projection  models  and  data  bases. 

The  RPA  assessment  calls  for  an 
analysis  of  long-run  demands  and 
supplies.  Our  approach  is  to  use  sta- 
tistics to  estimate  supply  and  demand 
schedules  for  timber  products  such  as 
softwood  lumber  and  plywood.  For 
some  timber  products,  analysts  evalu- 
ate trends  in  historical  consumption 
and  make  projections  on  a  judgmen- 
tal basis.  For  timber  demands,  they 
tie  all  projections  to  a  few  key  varia- 
bles: housing  starts,  gross  national 
product,  population,  and  personal  in- 
come. These  variables  are  primary 
measures  of  activity  in  the  U.S. 
economy. 

Demands  for  housing  and  other 
end  uses  of  timber  products  all  influ- 
ence the  demand  for  standing  trees. 
Supplies  of  standing  timber  interact 
with  demand  to  determine  prices  and 
output  levels.  The  latter  are  key  indi- 
cators of  the  resource  situation.  Our 


analysts  must  tie  together  demands 
and  supplies  to  gain  a  consistent  view 
of  the  resource  situation.  They  do  this 
with  a  mathematical  model  called  the 
timber  assessment  market  model. 

Supply  of  Timber 

The  standing  timber  resource  has 
many  characteristics  that  make  it  dif- 
ficult to  simulate  for  long-run  projec- 
tions. Standing  timber  is  a  resource 
in  inventory:  it  can  be  harvested  or 
left  standing  from  one  day  to  the 
next. 

While  the  timber  is  in  inventory,  it 
grows,  but  it  may  be  damaged  or 
killed  by  fire,  insects,  and  disease. 
Analysts  try  to  account  for  the 
changes  to  the  resource  inventory  in 
various  ways,  the  latest  being  what 
we  call  the  timber  resource  inventory 
model.  Data  for  projecting  growth 
and  other  measures  of  the  timber  in- 
ventory are  generally  based  on  histor- 
ical data  from  periodic  surveys  done 
by  Forest  Service  forest  inventory  and 
analysis  units  around  the  country. 

In  addition  to  data  on  physical  attri- 
butes, such  as  growth  and  mortality, 
analysts  try  to  account  for  changes  in 
the  area  of  timber  land  over  time. 
Timber-growing  areas  on  public  lands 
may  be  taken  out  of  production  for 
other  uses  such  as  wilderness.  Private 
owners  of  timber  land  may  convert  it 
into  cropland  or  some  other  use. 

Timber  sales  on  public  lands  are 
generally  set  in  a  prespecified  way 
and  are  generally  predictable.  Timber 
sales  from  private  lands  are  less  pre- 
dictable, and  generally  analysts  pro- 
ject sales  from  these  iands  using  rela- 
tionships derived  from  historical  data. 

Characteristics  of  the  timber  inven- 
tory vary  around  the  country,  as  do 
the  technical  issues  of  trying  to  model 
this  inventory.  For  example,  public 
lands  are  relatively  more  important 
than  private  lands  in  determining 
timber  supplies  on  the  West  Coast, 
but  the  reverse  is  true  in  the  South. 
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In  the  timber  assessment  market 
model,  there  is  an  attempt  to  account 
for  interactions  among  the  various 
supplying  and  consuming  regions  in 
the  U.S.  timber  sector.  Our  timber 
situation  is  heavily  influenced  by  im- 
ports from  Canada  and  to  a  lesser  ex- 
tent by  U.S.  exports  to  offshore  mar- 
kets. Analysts  also  attempt  to  assess 
the  influence  of  international  markets 
on  the  U.S.  resource  situation. 

The  first  attempt  at  a  comprehen- 
sive mathematical  simulation  model 
of  the  U.S.  timber  sector  was  com- 
pleted in  the  late  1970's.  Although  a 
continuing  program  of  trying  to  im- 
prove the  various  parts  of  the  model 
has  gone  on,  our  experience  of  the 
last  few  years  has  shown  that  there  is 
probably  no  way  to  develop  a  defini- 
tive model  of  the  U.S.  timber  sector. 
Data  and  insights  change  over  time 
and  influence  how  we  view  the  work- 
ings of  the  timber  economy. 

Significant  Future 
Issues 

There  is  no  way  to  tell  either  whether 
the  model  of  the  future  of  the  forest 
sector  is  realistic.  The  following  ex- 
amples highlight  issues  that  appear  to 
be  especially  significant  in  the  future 
for  the  umber  sector. 

Housing.  The  number  and  size  of 
housing  units  is  especially  important 
in  trying  to  assess  future  use  of  soft- 
wood lumber,  plywood,  and  other  tim- 
ber products.  Reasons  for  optimism 
include  expectations  of  a  growing 
population  with  rising  incomes.  Rea- 
sons cited  for  pessimism  include  the 
potential  for  high  interest  rates  and 
high  housing  costs.  Both  arguments 
rest  on  assumptions  about  an  uncer- 
tain future  and  are  therefore  not 
testable. 

Technology.  People  tend  to  be 
either  optimists  or  pessimists  about 
technology.  If  they  believe  in  technol- 


ogy, a  future  with  economic  scarcity 
of  timber  products  is  unlikely.  Eco- 
nomic scarcity  is  defined  as  a  situa- 
tion with  rising  prices  for  timber 
products  compared  with  other  prod- 
ucts. If  they  doubt  the  virtues  of 
technology,  the  future  becomes  more 
uncertain,  with  economic  scarcity  a 
plausible  outcome  of  the  current  re- 
source situation.  An  example  in  the 
timber  sector  is  the  amount  of  lumber 
that  can  be  recovered  from  round- 
wood  logs.  As  technology  has  im- 
proved over  time,  more  wood  in  the 
form  of  lumber  per  unit  of  roundwood 
processed  has  been  recovered. 

State-of-the-art  sawmills  are  effi- 
cient in  terms  of  lumber  recovery,  but 
most  of  the  industry's  capacity  con- 
sists of  mills  built  over  the  past  30 
years,  with  wide  variation  in  effi- 
ciency. In  making  projections,  ana- 
lysts must  account  for  the  potential 
effects  of  technology  on  the  future  re- 
source situation. 

Forest  Management.  Especially 
in  the  South,  the  age  of  harvest  for 
trees  is  generally  less  than  50  years — 
the  length  of  our  projection  period. 
Assumptions  must  be  made  about 
what  will  happen  to  the  land  after  the 
trees  are  harvested.  For  example, 
should  it  be  assumed  that  the  timber 
land  will  be  converted  to  cropland, 
should  it  be  assumed  that  the  land 
will  be  replanted,  or  what?  In  addi- 
tion, the  land  may  be  managed  inten- 
sively or  not  at  all.  What  should  be 
assumed?  Some  historical  data  on 
how  land  is  managed  exist,  but  there 
are  both  optimists  and  pessimists 
about  the  future  who  claim  that  it 
will  be  different  from  the  past. 

Futures  Analysis.  Many  other 
examples  could  be  cited  as  issues  in 
trying  to  make  long-term  projections 
in  the  forestry  sector.  Most  of  these 
issues  cannot  be  resolved  because 
they  deal  with  uncertainty.  The  For- 
est Service  has  tried  to  address  this 
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uncertainty  through  what  we  call  fu- 
tures analysis,  which  means  we  ask  a 
lot  of  "what  if"  questions.  For  exam- 
ple, what  if  timber  management  is 
more  intensive  in  the  future  than  as- 
sumed in  our  projections?  What  if 
housing  demand  is  lower  in  the  fu- 
ture than  assumed?  What  if  land  area 
available  for  timber  production  is  less 
than  assumed  for  the  future? 

This  futures  analysis  has  proven 
useful  in  trying  to  assess  the  implica- 
tions of  the  uncertainties  in  long-term 
projections.  For  example,  it  has 
shown  that  over  a  wide  range  of  pos- 
sible futures,  the  United  States  faces 
the  prospects  of  growing  economic 
scarcity  of  softwood  lumber,  with  con- 
tinuing increases  in  prices. 

The  uncertainties  discussed  for 
projections  of  demands  and  supplies 
also  are  involved  in  trying  to  assess 
the  social,  economic,  and  environ- 
mental implications  of  trends  in  de- 
mands and  supplies.  For  example, 
what  will  society  consider  important 
50  years  from  now? 

Research  Opportunities 
to  Improve  Projected 
Resource  Situation 

Previous  assessments  provide  indica- 
tions of  the  present  and  prospective 
supply-demand  situations  for  the  var- 
ious renewable  resources.  They  also 
provide  indications  of  opportunities  to 
change  the  expected  resource  situa- 
tion. A  review  of  these  situations  and 
opportunities  to  change  them  is  use- 
ful in  pointing  out  the  directions 
needed  for  data  bases  and  analysis 
methods  in  the  future. 

Timber.  Comparing  available  pro- 
jections of  future  timber  supplies 
with  timber  demands  makes  it  clear 
that  a  physical  shortage  of  timber  in 
the  United  States  in  the  decades  im- 
mediately ahead  is  not  likely.  De- 
mands are  rising  faster  than  supplies, 


however,  so  that  the  outlook  is  one  of 
increasing  economic  scarcity  with  ris- 
ing timber  and  timber-product  prices, 

Higher  prices  for  timber  products 
have  many  implications  for  the  U.S. 
economy.  Higher  prices  for  softwood 
lumber  and  plywood  would  raise  the 
cost  of  housing  and  reduce  both  the 
number  and  size  of  houses.  Relatively 
higher  prices  for  timber  products 
would  lead  to  increased  use  of  substi- 
tutes such  as  concrete,  steel,  alumi- 
num, and  plastic.  The  mining,  indus- 
trial processing,  and  power  generation 
associated  with  increased  use  of  tim- 
ber substitutes  would  result  in  more 
air  and  water  pollution.  Rising  prices 
would  also  affect  the  timber  resource. 
Owners  of  the  resource  would  in- 
crease harvests  as  prices  go  up;  and 
as  harvests  rise,  net  annual  growth 
and  inventories  would  be  changed. 

Three  major  ways  to  respond  to  ris- 
ing demands  for  timber  are: 
(1)  Extending  supplies  through  im- 
proved utilization,  (2)  increasing  har- 
vests from  the  existing  timber  re- 
source, and  (3)  increasing  net  annual 
growth. 

Timber  supplies  can  be  extended 
by: 

•  Increasing  the  useful  life  of  wood 
products  by  preservative  treat- 
ments; improving  designs  of  new 
structures,  and  fixing  existing 
structures  rather  than  replacing 
them. 

•  Improving  efficiency  in  harvesting, 
construction,  and  manufacturing. 

•  Utilizing  unused  wood  materials 
such  as  logging  residues. 
Harvests  from  the  existing  timber 

resource  can  be  increased  by: 

•  Accelerating  harvests  on  National 
Forests  in  Washington,  Oregon, 
northern  California,  northern 
Idaho,  and  western  Montana  that 
have  large  inventories  of  old- 
growth  softwood  timber. 

•  Increasing  softwood  and  hardwood 
timber  harvests  on  forests  in  the 
East. 
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Sustaining  increased  harvests  on 
the  National  Forests  in  the  West  and 
on  the  forest  lands  in  the  East  beyond 
a  few  decades  will  require  large  in- 
vestments in  more  intensive  manage- 
ment programs  to  increase  net  annual 
timber  growth. 

Net  annual  timber  growth  can  be 
increased  by: 

•  Regenerating  nonstocked  and 
poorly  stocked  commercial  timber- 
lands,  harvesting  and  regenerating 
mature  stands,  and  converting  ex- 
isting stands  to  more  desired 
species. 

•  Applying  intensive  timber  manage- 
ment practices  such  as  species  and 
spacing  regulation,  fertilization, 
and  use  of  genetically  improved 
trees. 

•  Using  management  and  harvesting 
practices  to  prevent  or  reduce 
losses  caused  by  natural  mortality, 
undesirable  vegetation,  wildfire,  in- 
sects, diseases,  and  poor  logging 
practices. 

Water.  Precipitation  provides 
enough  surface  and  ground  water  to 
meet  prospective  demands  for  water 
in  the  United  States;  however,  seri- 
ous imbalances  are  caused  by  geo- 
graphic, seasonal,  and  annual  varia- 
tion in  supplies.  The  location  of 
agriculture  is  especially  sensitive  to 
the  availability  of  water  for  irrigation. 
In  some  places  (e.g.,  the  areas  on  the 
High  Plains  of  Texas  and  adjoining 
States  where  ground-water  mining  for 
irrigation  is  severe),  as  water  produc- 
tion costs  go  up  and  the  water  for 
crop  and  pasture  land  irrigation  be- 
comes uneconomic,  there  will  be  a 
shift  to  dryland  farming  or  range 
grazing.  Food  and  fiber  production 
will  be  reduced  in  the  affected  areas; 
eventually  production  will  move  to  re- 
gions where  water  supplies  are  ade- 
quate and  the  land  is  suitable  for  crop 
and  pasture  use. 

Most  of  the  prime  farmland  that  is 
not  now  in  crops  or  pastures  is  in  for- 


est and  range.  If  production  is  shifted 
from  irrigated  areas  in  water-short  re- 
gions, these  lands  are  most  likely  to 
be  converted  to  crop  and  pasture  use. 
The  conversion  of  these  highly  pro- 
ductive lands  will  reduce  timber  and 
forage  production. 

Flooding  and  water  pollution  are 
other  significant  costs  associated  with 
the  prospective  supply-demand  situa- 
tion for  water. 

Many  opportunities  exist  on  forest 
and  range  lands  to  increase  and  ex- 
tend water  supplies,  ameliorate  the 
effects  of  flooding,  and  improve  water 
quality.  All  these  things  can  be 
achieved  by: 

•  Improving  vegetation  management 
to  increase  the  natural  recharge  of 
surface  and  ground  water,  to  re- 
duce evaporation  losses,  and  to 
change  the  timing  of  waterflows. 

•  Improving  protection  of  watersheds 
from  wildfire. 

•  Maintaining  wetlands. 

Water  supplies  can  be  increased  or 
extended  by: 

•  Expanding  and  improving  reser- 
voirs to  increase  storage,  regulate 
flows,  and  reduce  evaporation. 

•  Improving  snow  management. 

•  Improving  conservation,  including 
more  re-use. 

Flood  damage  can  be  reduced  by: 

•  Controlling  floatable  debris  such  as 
logging  residues. 

•  Increasing  use  of  structures  to  con- 
trol waterflows. 

•  Improving  management  of  flood 
plain  use. 

•  Expanding  land  treatment 
programs. 

Water  quality  can  be  improved  by: 

•  Improving  use  of  pesticides  and 
fertilizers. 

•  Increasing  reclamation  of  mine 
sites  to  reduce  erosion  and  acid 
flows  from  abandoned  mines. 

•  Improving  poor  watershed 
conditions. 
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Range  Forage.  The  demand  for 
range  forage  depends  primarily  on  the 
demand  for  red  meat  and  the  avail- 
ability of  substitute  feed  sources  such 
as  grain.  There  is  some  uncertainty 
about  future  per-capita  consumption 
of  red  meat;  however,  even  if  per- 
capita  consumption  does  not  increase, 
total  demand  will  grow  because  popu- 
lation will  grow.  Available  data  indi- 
cate that  the  amount  of  range  forage 
used  by  domestic  livestock  annually 
has  remained  unchanged  at  200  mil- 
lion animal  unit  months  per  year  for 
the  past  several  decades.  Increases  in 
demands  for  red  meat  would  place  in- 
creased demands  on  rangeland. 

The  opportunities  to  increase  forage 
production  and  to  improve  the  condi- 
tion of  forest  and  range  land  for  graz- 
ing include: 

•  Improving  rangelands  by  seeding 
better  grasses  and  legumes  and 
controlling  noxious  weeds  and 
other  undesirable  plants  and 
shrubs. 

•  Increasing  the  use  of  forage  on  for- 
est and  range  lands  by  the  use  of 
improved  grazing  systems  and  live- 
stock management  practices. 

•  Constructing  needed  livestock  con- 
trol and  handling  facilities  such  as 
fences,  and  developing  adequate 
water  supplies. 

•  Reducing  forage  losses  by  control- 
ling wildfires,  range  insects  and 
diseases,  and  pests. 

Outdoor  Recreation  and  Wil- 
derness. In  the  last  two  decades 
participation  in  most  kinds  of  outdoor 
recreation  has  been  growing,  and  this 
growth  is  expected  to  continue.  The 
supplies  of  outdoor  recreation  facili- 
ties now  available  will  have  to  be 
expanded  if  the  projected  growth  in 
demand  is  to  be  met  and  quality  main- 
tained. New  trails  and  campgrounds 
will  have  to  be  built,  and  meeting  the 
prospective  growth  in  demand  for 
some  activities,  such  as  winter  sports 
facilities,  will  require  special  efforts. 


Most  of  the  projected  increases  in 
demands  for  outdoor  recreation  on 
forest  and  range  lands  and  inland 
waters  can  be  met.  The  major  oppor- 
tunities include: 

•  Rehabilitating  deteriorating  sites 
and  adequately  maintaining  exist- 
ing facilities. 

•  Constructing  additional  facilities 
such  as  trails,  campgrounds  picnic 
areas,  and  boat  ramps. 

•  Designating  additional  areas  as  wil- 
derness, where  appropriate  poten- 
tial exists. 

•  Improving  access  to  forest  and 
range  land  and  inland  water  suita- 
ble for  outdoor  recreation. 

•  Expanding  programs  concerned 
with  visitor  information  services  in- 
cluding educational  services  and 
back-country  safety  patrols. 

•  Improving  management  and  infor- 
mation techniques  for  shifting 
more  recreation  demands  to  under- 
utilized areas  and  facilities. 

•  Improving  the  coordination  and  in- 
tegration of  outdoor  uses  With  other 
uses. 

•  Improving  management  and  pro- 
tection practices  to  minimize  the 
adverse  impacts  on  wilderness 
resources. 

Wildlife  and  Fish.  Although  there 
are  indications  that  the  populations  of 
some  wildlife  and  fish  species  have 
been  increasing,  there  also  are  indica- 
tions that  they  have  not  been  rising 
as  rapidly  as  demands.  For  example, 
the  number  of  big-game  animals  per 
hunter  has  been  dropping  rapidly  in 
most  regions.  Demands  on  the  wild- 
life and  fish  resource  are  likely  to 
continue  to  grow  in  the  future. 

Opportunities  to  respond  to  the  di- 
verse demands  on  the  wildlife  and 
fish  resource  include: 

•  Expanding  programs  to  improve 
wildlife  and  fish  habitats  by  in- 
creasing food  supplies  and  suitable 
habitat  cover,  improving  water 
quality,  and  increasing  the  size,  di- 
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versity,  and  distribution  of  habitat 
areas. 

•  Integrating  more  fully  wildlife  and 
fish  needs  in  the  management  of 
forest  and  range  lands  for  other  re- 
newable resources,  and  especially 
timber  and  forage. 

•  Providing  better  access  by  con- 
structing trails,  boat  landings,  and 
rights-of-way  where  the  wildlife 
and  fish  resources  are 
underutilized. 

•  Controlling  land  and  water  pollu- 
tion, and  especially  the  use  of  pes- 
ticides that  adversely  affect  wildlife 
and  fish  species. 

•  Expanding  wetlands  nesting  habi- 
tats through  fee  purchase  of  key 
tracts  and  easements  in  the  United 
States  and  Canada,  and  preserving 
and  enhancing  migration  and  win- 
tering habitats. 

•  Increasing  the  reintroduction  of 
species  that  have  been  displaced  in 
areas  where  suitable  habitats  exist 
or  can  be  developed. 

In  addition,  there  are  some  oppor- 
tunities that  relate  to  specific  de- 
mands on  the  wildlife  and  fish  re- 
source. These  include: 

•  Increasing  efforts  to  define,  protect, 
improve,  and  increase  critical  habi- 
tats of  endangered  and  threatened 
species  and  the  important  habitat 
of  other  species  being  adversely  af- 
fected by  changes  in  management 
or  use. 

•  Removing  barriers  to  fish  migra- 
tion. 

•  Promoting  the  nonconsumptive  use 
of  fishery  resources  in  some  select 
areas  through  special  management 
techniques  such  as  catch  and  re- 
lease fishing. 

Minerals.  The  growing  U.S.  econ- 
omy will  lead  to  more  demands  for  all 
kinds  of  minerals  in  the  future.  Some 
of  this  increase  in  demand  will  be 
met  with  imports,  but  a  large  propor- 
tion will  be  met  from  domestic 
sources.  This  is  especially  the  case  for 


coal,  where  there  may  be  as  much  as 
a  tenfold  increase  in  production  by 
2030.  A  tenfold  increase  in  coal  pro- 
duction would  involve  mining  large 
areas  of  rangelands  in  Wyoming, 
North  Dakota,  and  Montana,  as  well 
as  in  other  Midwestern  and  Eastern 
States.  Nearly  all  of  the  land  dis- 
turbed by  mining  will  undoubtedly  be 
reclaimed,  but  the  effects  of  the  dis- 
turbance on  such  activities  as  produc- 
tion of  timber  and  wildlife  habitat  can 
extend  over  decades. 

The  impacts  of  the  projected 
growth  in  mining  on  the  environment 
and  renewable  resources  can  be  man- 
aged by: 

•  Increasing  research  to  develop 
more  efficient  and  economical  ways 
of  reclaiming  disturbed  land. 

•  Expanding  programs  to  control 
mine-related  pollution  and  to  re- 
claim disturbed  areas. 

•  Using  appropriate  lease  and  operat- 
ing stipulations  to  control  environ- 
mental impacts. 

Future  Research  Needs 

The  management  opportunities  al- 
ready described  can  be  carried  out 
with  existing  technology — the  knowl- 
edge base  that  has  been  developed 
through  past  research  work.  Further 
research  can,  however,  develop  new 
ways  to  increase  and  extend  supplies 
of  renewable  resources  and  reduce 
the  cost  of  implementing  these  oppor- 
tunities for  all  resources — timber, 
water,  forage,  outdoor  recreation, 
wildlife  and  fish,  and  minerals. 

For  example,  research  to  develop 
genetically  improved  plant  and  animal 
species,  more  economical  ways  of  re- 
generating or  propagating  desired 
species,  and  methods  for  controlling 
unwanted  species,  insects,  diseases, 
and  wildfires  can  contribute  to  the  ef- 
fectiveness of  management  practices. 
Research  on  better  ways  of  restoring 
and  protecting  watersheds  and  of  re- 
ducing the  adverse  effects  of  activities 
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such  as  timber  harvesting  and  mining 
can  increase  waterflows,  reduce 
flooding,  and  improve  water  quality 
and  wildlife  and  fish  habitat.  Because 
of  the  environmental  and  biological 
effects  of  chemicals,  there  is  a  special 
urgency  for  research  to  develop  man- 
agement practices  based  on  natural 
control  measures  for  reducing  the  im- 
pacts of  undesirable  vegetation,  in- 
sects, diseases,  and  pests. 

These  are  the  classic  kinds  of  re- 
search opportunities  and  undoubtedly 
the  ones  that  can  contribute  most  to 
meeting  future  demands  on  renew- 
able resources.  However,  there  are 
other  research  needs.  For  example, 
inventories  of  forest,  range,  and  water 
resources  are  basic  to  almost  any  de- 
cision concerning  the  management  or 
use  of  these  resources.  Presently,  in- 
ventory information  is  fragmentary 
and  limited  for  most  resources — and 
especially  so  for  range,  wildlife  and 
fish,  outdoor  recreation,  and  minerals. 

In  many  respects,  information  on 
the  production  from,  and  the  uses  of, 
forest  and  range  lands  and  waters  is 
more  fragmentary  and  limited  than 
that  for  inventories.  National  and  re- 
gional data  on  the  amount  of  range 
grazing,  many  end  uses  of  timber 
products,  recreational  activities  by 
kinds,  and  wildlife  harvests  are 
largely  nonexistent.  Further,  lack  of 
comparability  and  timing  severely 
constrain  the  usefulness  of  part  of  the 
data  that  are  collected. 

Systematic,  continuing  surveys 
with  national  standards  and  specifica- 
tions on  the  data  to  be  collected  could 
greatly  help  analyses  of  investment 
opportunities,  the  effectiveness  of  ex- 
isting policies  and  programs,  and  new 
or  additional  management  and  pro- 
gram needs. 

More  information  is  needed  on  the 
physical  responses  of  forest  and  range 
lands  and  waters  to  changes  in  man- 
agement practices  in  terms  of 
changes  in  timber  and  forage  growth, 
water  yields,  and  wildlife  populations. 


There  is  an  equal  need  for  informa- 
tion on  the  costs  of  management 
practices  and  on  the  prices  and  val- 
ues of  renewable  resource  products 
and  uses.  Such  information  is  essen- 
tial for  evaluating  investment  pro- 
grams, analyzing  supply  situations, 
and  determining  harvest  and  use  lev- 
els. It  also  is  essential  for  the  man- 
agement of  lands  and  waters  for  mul- 
tiple purposes  and  for  minimizing 
adverse  impacts  on  the  natural 
environment. 

Finally,  research  is  needed  to  ex- 
plore further  the  social,  economic, 
and  environmental  implications  of  a 
future  in  which  the  demands  for  re- 
newable-resource products  are  rising 
more  rapidly  than  supplies.  Such  re- 
search is  concerned  with  the  societal 
basis  for  changing  policies  and  pro- 
grams. The  results  are  likely  to  have 
profound  impacts  on  management 
and  use  of  forest,  range,  and  water 
resources. 


270 


OUR  FOREST  RESOURCES 


Research  for  Tomorrow 


Future  Role 
of  Electronic 
Technology  in 
Agricultural 
Research  and 
Extension 

David  W.  Dik,  assistant  director, 
Cooperative  Extension  Service, 
Cornell  University,  Ithaca,  NY,  and 
Charlotte  B.  Travieso,  supervisory 
computer  systems  analyst, 
Extension  Service 


Agriculture  in  the  United  States  is 
at  a  major  turning  point  as  it  en- 
ters the  information  communication 
age.  In  fact,  some  agricultural  scien- 
tists indicate  that  the  computer  is 
possibly  the  most  significant  techno- 
logical invention  in  U.S.  agriculture 
today. 

The  Information 
Revolution 

The  information  revolution  is  just  in 
its  infancy;  many  new  electronic 
technologies  are  appearing  daily  that 
go  well  beyond  the  computer.  These 
new  electronic  information  and  com- 
munication technologies  are  begin- 
ning to  assume  a  more  important  role 
in  our  society.  This  is  particularly  true 
in  nonformal  educational  programs 
such  as  the  Cooperative  Extension 
Service.  They  use  researched  knowl- 
edge in  achieving  three  main  func- 
tions: information  delivery,  educa- 
tional program  delivery,  and  problem 
solving. 

Whether  the  focus  is  on  production 
agriculture,  human  nutrition,  com- 
munity issues,  including  water  qual- 
ity, land  use  or  leadership,  or  working 
with  youth  and  adult  volunteers,  elec- 


tronic technologies  are  in  the  fore- 
front of  the  forthcoming  changes  in 
educational  delivery  and  teaching  and 
learning  systems. 

The  information  age  is  relatively 
new,  but  agriculture  has  moved 
through  a  succession  of  changes.  In 
early  1800,  agriculture  relied  on 
handpower,  followed  by  horsepower 
in  the  later  part  of  the  century.  In 
1920  and  beyond,  mechanical  power 
boosted  productivity.  By  1945  agricul- 
tural production  and  the  allied  indus- 
tries were  showing  spectacular  pro- 
duction gains  through  the  use  of 
science  power.  Now,  a  new  influence 
has  come  to  the  point  of  changing  re- 
search and  extension  programs  radi- 
cally. This  new  force  is  information 
power. 

Electronic  technologies  are  swiftly 
becoming  pervasive.  The  United 
States  is  only  3  or  4  years  away  from 
having  the  major  social  and  economic 
forces  shift  from  mass  society  and  the 
industrial  age  to  the  information  age. 
It  is  through  this  major  social  and 
economic  transformation  that  re- 
search and  extension  will  fashion 
new  methodologies  to  extend  and 
translate  new  knowledge. 

New  information  technologies  have 
the  potential  to  radically  change  the 
way  individuals  live,  work,  are  edu- 
cated, and  use  their  leisure  time. 
These  technologies,  along  with  con- 
vergent social  changes,  will  induce 
significant  transformations  in  the  ed- 
ucational programs  and  activities  of 
the  entire  research  and  extension 
community  of  the  land-grant  system, 
including  the  national,  state,  regional, 
and  county  levels. 

A  Changing  Society 

As  the  Extension  Service  continues  to 
fulfill  its  mission  of  disseminating  re- 
search for  today  and  research  for  to- 
morrow, trends  need  to  be  recog- 
nized. The  following  trends — and 
these  are  just  a  few — indicate  tre- 
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mendous  opportunities  and  change  in 
conducting  research.  The  growth  in 
media  usage  and  electronic  innova- 
tion also  spells  out  major  differences 
in  the  ways  of  disseminating  research 
results. 

Worldwide  trends  follow: 

Population  Growth.  World  popu- 
lation will  increase  from  5  billion  in 
1980  to  6.3  billion  in  2000. 

Political  and  Economic  Insta- 
bility. Increasing  populations  and 
instability  in  economic  and  political 
life  could  reduce  or  cut  off  sources  of 
raw  materials.  Vulnerability  to  loss  of 
mineral  and  energy  sources  may  lead 
to  greater  domestic  emphasis  on  the 
production  of  these  materials  from 
lands  in  the  United  States. 

Electronics.  World  population  will 
be  linked  by  TV  networks  and  com- 
puters. This  will  lead  to  instant  com- 
munications, greater  cultural  inter- 
dependence, and  potential  for  unity 
and  mutual  understanding. 

Science.  Likely  breakthroughs  in 
cancer  and  health  care,  gene  technol- 
ogy, solar  and  alternative  energy  gen- 
eration, agriculture,  and  high  tech- 
nology applications  will  provide 
means  to  solve  many  foreseeable 
problems. 

Rise  of  Pacific  Basin.  The  rise 
of  China  as  a  manufacturing  and 
high  technology  production  center 
will  shift  world  economic  balance  to 
the  Pacific  Basin. 

Third  World  Industrialization. 

Rapid  increase  in  Third  World  heavy 
industry  and  manufacturing  and  in- 
creased use  of  petroleum  worldwide 
could  lead  to  further  energy  crises. 

Global  Economy.  All  nations  will 
be  interdependent  economically. 


Short-term  business  cycles  will  be  felt 
worldwide,  and  moves  to  adjust  and 
control  these  cycles  through  inter- 
national action  will  increase. 

Soil  and  Agriculture.  Shifting 
demands  of  agriculture,  industry,  rec- 
reation and  residential  uses  will  cre- 
ate changes  in  land  and  water  uses. 
Supply  and  demand  pressures  will  in- 
crease on  the  natural  resource  base, 
prime  farm  land,  on  waterways,  and 
forest  lands  by  a  wide  range  of  users. 

Deforestation.  Continued  destruc- 
tion of  forests  in  the  tropics  is  likely 
as  land  is  cleared  for  fuel  and  agricul- 
ture. Demand  for  wood  from  U.S.  for- 
est lands  will  increase,  both  to  supply 
foreign  requirements  and  to  help  bal- 
ance foreign  trade  payments. 


Pollution.  Acid  rain,  oil  spills, 
chemical  pollution,  ocean  dumping  of 
waste,  and  accumulation  of  hydro- 
carbons in  the  atmosphere  may  even- 
tually lead  to  major  extensive  deterio- 
ration in  forests,  fisheries,  water 
quality,  and  air  quality.  Effects  on  the 
atmosphere  may  cause  a  warming 
trend,  increased  melting  of  ice  caps, 
rise  in  ocean  levels,  and  climatic 
changes  that  could  profoundly  affect 
food  production. 

Extinction  of  Species.  Expand- 
ing development  and  increasing  world 
population  will  reduce  areas  of  forest, 
range,  and  wetlands  leading  to  fur- 
ther extinction  of  species  and  elimi- 
nation of  wildlife  habitat. 

U.S.  trends  follow: 

Population  Growth.  U.S.  popula- 
tion will  increase  from  220  million  in 
1980  to  260  million  in  2000. 

Aging.  The  average  age  of  U.S.  pop- 
ulation will  increase,  implying  greater 
emphasis  on  health  care.  Cultural 
changes  will  favor  mature  population 
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over  youth  cultures.  Shifts  in  types  of 
recreation  and  levels  of  consumption 
will  occur.  Possible  crisis  in  providing 
retirement,  health  care,  and  other 
benefits  may  lead  to  increases  in  re- 
tirement age  and  reduction  in  bene- 
fits. There  will  be  a  likely  increase  in 
immigration  to  provide  work  force. 

Demographic  Changes.  In- 
crease in  diversity  of  ethnic,  lan- 
guage, and  cultural  groups  presages  a 
trend  to  pluralism  or  all-minorities  so- 
ciety from  a  majority-minorities  soci- 
ety, with  possible  effect  of  greater 
social  and  political  fragmentation.  In 
California  and  the  Southwest,  His- 
panic population  will  rise  to  majority 
status  by  the  year  2000.  Great  shift  of 
U.S.  population  from  north  central 
and  eastern  States  to  south,  west  and 
southwest  will  place  pressures  on  re- 
sources of  the  land  and  local 
governments. 

Rising  Value  of  Resources.  All 

natural  resources,  renewable  and 
nonrenewable,  market  and  non- 
market,  will  rise  in  value  as  demand 
intensifies. 

Women  in  the  Work  Force.  Per- 
centage of  women  in  the  work  force 
increased  from  25  percent  in  1970  to 
43  percent  in  1980.  More  than  53 
percent  of  married  women  are  now 
working  full  time. 

Electronic  Culture.  There  will  be 
a  cultural  shift  from  physical  space 
joined  by  the  motor  car  to  conceptual 
space  connected  by  electronics.  In- 
stant communication  through  cable 
TV,  televideo  phones  and  conferenc- 
ing could  change  paper-based  news- 
papers, catalogs,  books,  offices,  and 
shopping. 

Future  Shock.  Today's  society  is 
future-oriented  and  rapidly  changing. 
Most  jobs  today  did  not  exist  50  years 
ago.  Most  jobs  today  won't  exist  50 


years  from  now.  The  rate  of  obsoles- 
cence in  education,  technology,  and 
culture  will  accelerate. 

Changing  Values.  More  empha- 
sis is  being  placed  on  personal  fulfill- 
ment rather  than  single-minded  ma- 
terial success.  Balance  between 
family,  personal,  spiritual,  and  occu- 
pational values  and  less  emphasis  on 
job  as  sole  measure  of  success.  "Vol- 
untary simplicity"  movement  against 
consumerism. 

Suspicion  of  Experts  and 
Government.  The  public  no  longer 
trusts  experts  and  demands  the  right 
to  decide  matters  formerly  left  to  ex- 
perts, such  as  in  defense,  foreign  pol- 
icy, nuclear  energy,  and  chemicals. 
Major  shift  from  federal  solutions  to 
state  and  local  initiatives.  The  public 
is  demanding  a  role  in  land-use  deci- 
sions that  affect  them. 

Single  Issue  and  Single  Re- 
source Politics.  Fragmentation 
of  political  life  as  single  issues  and 
single-resource  advocacy  dominate 
public  controversy. 


Changing  Consumer  and 
End-User  Needs 

The  consumers  and  end-users  of  agri- 
cultural research  and  extension  infor- 
mation are  a  continuously  changing 
clientele.  Farm  financial  stress  is 
being  felt  by  many  small  and  mid- 
sized agricultural  operations.  While 
the  end  result  and  production  have 
not  changed  that  dramatically,  the 
makeup  of  producers  and  their  agri- 
cultural activities  has  changed. 

As  a  result  of  various  trends  men- 
tioned, needs  have  changed  as  well. 
The  demand  is  high  for  instant  infor- 
mation. The  end-user  can  no  longer 
afford  to  wait  for  at  least  1  year  to 
read  about  current  agricultural  re- 
search in  a  printed  journal.  The  pro- 
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ducer  needs  immediate  access  and 
answers  to  questions  on  crop  reports, 
crop  prices,  crop  supply,  pesticide  ap- 
plication, conservation  tillage,  and 
Federal  programs  and  regulations. 

Research  Results  Data  Base. 

In  cooperation  with  the  Agricultural 
Research  Service  (ARS),  Extension 
Service  program  leaders  have  devel- 
oped, designed,  and  implemented  the 
Research  Results  Data  Base  (RRDB). 
ARS  staff  in  Beltsville,  Maryland  re- 
view ARS  research  reports  and  assess 
their  value  for  use  by  Extension  edu- 
cation programs  at  the  land-grant 
universities.  Those  reports  judged  to 
be  practical  and  applicable  to  Exten- 
sion information  are  placed  into  the 
Extension  Service  Electronic  Infor- 
mation Network  for  electronic 
retrieval. 

The  Extension  network  is  a  com- 
puterized system  of  electronic  mail 
and  full-text-searchable  data  bases 
with  users  at  the  land-grant  universi- 
ties, the  county  Extension  Services, 
and  many  of  the  U.S.  territories  Ex- 
tension offices.  "With  the  computer, 
we  were  able  to  speed  access  to  re- 
search discoveries  and  cut  through 
several  layers  of  normal  infrastruc- 
ture," says  Tom  Tate,  Extension  Pro- 
gram Analyst  Officer  and  Systems 
Manager  of  the  RRDB  project. 

Additional  data  sources  for  provid- 
ing recent  research  results  to  the  data 
base  will  be  included  in  1986.  Results 
are  being  explored  from  the  Eco- 
nomic Research  Service,  Forest  Serv- 
ice, Agricultural  Marketing  Service, 
National  Institutes  of  Health,  Depart- 
ment of  Housing  and  Urban  Develop- 
ment, Department  of  Energy,  Depart- 
ment of  Interior,  Food  and  Drug 
Administration,  and  Environmental 
Protection  Agency. 

Electronic  Dissemination  of 
Information.  To  speed  and  inte- 
grate information  and  knowledge  on 
tomorrow's  research,  the  U.S.  Depart- 


ment of  Agriculture  began  to  offer,  in 
July  1985,  its  news,  commodity,  eco- 
nomic, and  statistical  reports  through 
a  computerized  service  that  electroni- 
cally transmits  USDA  perishable  in- 
formation immediately  upon  its  re- 
lease. Called  EDI,  the  Electronic 
Dissemination  of  Information  system 
makes  USDA  crop  production  (and 
other  time  sensitive  reports)  available 
to  those  who  want  and  can  handle 
large  volumes  of  information  at  me- 
dium or  high  computer  transmission 
speeds. 

Realizing  that  no  two  users  are 
alike,  EDI  has  structured  the  system 
so  that  the  user  can  preset  a  profile, 
giving  the  user  instant  access  to  a  set 
of  predesignated  reports.  Users  can 
take  only  those  profiled  reports  at 
lower  transmission  speeds,  or  they 
can  accept  data  in  bulk  form  at  high 
speeds  up  to  9600  baud.  The  data 
which  is  available  may  be  as  brief  as 
a  five-line  market  news  report,  or  as 
lengthy  as  a  40-page  crop  production 
report. 

Producers  and  consumers  need  in- 
stant answers  to  instantly  occurring 
questions  and  problems.  They  also 
need  agricultural  specialists  to  sift 
through  the  volumes  of  data  that  are 
available  on  every  subject  at  a  rapidly 
growing  rate  and  present  them  with 
concise  alternatives.  Electronic  media 
provide  the  rapid  transmission;  agri- 
cultural research  and  Extension  spe- 
cialists provide  the  expert 
dissemination. 


Information 
Communication 
Electronic  Technologies 

The  land-grant  colleges  over  the  years 
have  provided  assistance,  especially 
through  the  research  and  Extension 
programs,  to  decisionmakers  in  many 
walks  of  life.  To  meet  these  diverse 
needs,  many  delivery  methods  have 
evolved  since  the  early  1900's.  Today, 
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in  the  multirevolutionary  environment 
of  technological,  social,  and  economic 
changes,  good  supporting  information 
is  essential  to  good  decisionmaking 
and  learning  new  skills.  The  Coopera- 
tive Extension  educational  role  of  the 
future  will  require  access  to  data 
about  research  findings  and  the  effi- 
cient delivery  of  information.  More 
importantly  though,  will  be  the  task 
of  teaching  clientele  to  use  and  inter- 
pret data  in  light  of  the  existing  prob- 
lems to  be  solved  or  decisions  to  be 
made. 

These  new  information  wonders, 
electronic  communication  devices, 
provide  Extension  educators  with  the 
capability  of  multiplication,  amplifica- 
tion, and  duplication  of  data.  These 
new  electronic  technologies  also  elim- 
inate two  important  access  con- 
straints— time  and  distance. 

Most  recently  many  electronic 
technologies  have  converged  to  make 
the  sum  of  the  parts  greater  than  the 
whole.  Examples  of  these  convergent 
technologies  are  the  telephone  and 
the  computer,  the  laser  disc  and  the 
computer.  Each  of  these  new  hybrid 
technologies  advances  the  capability 
of  research  and  extension  to  meet  the 
ever  growing  demand  for  current  in- 
formation to  enhance  agriculture's 
management  power. 

Some  of  the  new  electronic  tech- 
nologies that  will  increasingly  gain 
importance  in  research  and  Extension 
and  are  on  the  verge  of  having  wider 
application  include:  1)  videocassettes; 
2)  artificial  intelligence  and  expert 
systems;  3)  interactive  videodisc; 
4)  encoded  cards;  5)  compact  disks; 
and  6)  electronic  networks. 

Why  are  these  technologies  impor- 
tant? A  brief  examination  of  the 
changing  social  and  consumer  needs 
of  society  should  make  that  evident. 

Working  at  "the  margin"  is  nothing 
new  for  researchers  and  extension 
educators.  The  integration  of  new 
technologies  with  traditional  methods 
of  program  delivery  has  always  been 


Estimated  Household 

Penetration 

By  Product 

(As  of  Year-End  1984) 

All  Television 

98% 

Color  TV 

91% 

Monochrome  TV 

70% 

Projection  TV 

2% 

VCR 

20% 

VDP 

1% 

Programmable  Video  Games 

25% 

Home  Computers 

13% 

Audio  Systems 

87% 

•  Compact 

51% 

•  Component 

38% 

•  Console 

23% 

Telephone  Answering  Devices 

5% 

Cordless  Telephones 

10% 

Home  Radios 

98% 

of  high  priority.  What  has  changed  in 
the  last  half  decade  is  the  rapidity  of 
the  development  of  informational 
technologies.  These  advances  have 
tended  to  be  additive  rather  than  sin- 
gular isolated  cases.  The  need  to  have 
access  to  information  will  continue 
beyond  the  rate  predicted  by  most 
experts. 

Many  technologies  will  continue  to 
have  a  growing  influence  on  research 
and  extension.  A  closer  examination 
of  these  will  provide  greater  insight 
into  the  why  and  how  of  this 
transformation. 

Videocassettes.  No  video 
product  since  the  introduction  of  tele- 
vision has  had  such  rapid  and  wide- 
spread acceptance  as  the  video- 
cassette  recorder  (VCR).  VCR's  were 
selling  at  a  pace  equal  to  1  million  a 
month  during  1985.  What  does  the 
videocassette  have  to  do  with  re- 
search and  extension?  If  the  demon- 
stration method  remains  the  corner- 
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stone  of  the  extension  delivery 
system,  then  the  videocassette  plays 
an  ever  more  important  role.  This 
technology  provides  a  mechanism  to 
provide  demonstrations  without  re- 
gard to  the  constraints  of  weather, 
distance,  time,  or  season. 

These  advantages  include  time  and 
space  flexibility,  self-paced  learning, 
relative  lack  of  expense,  and  user 
friendliness. 

The  videocassette  remains  one  of 
the  prime  ways  of  reducing  program 
delivery  costs.  It  also  is  a  quality 
method  to  extend  researched  knowl- 
edge to  an  audience  increasingly  in 
need  of  information. 

Artificial  Intelligence.  Artificial 

intelligence  is  being  heralded  as  one 
of  the  breakthroughs  in  computer 
uses  that  will  drastically  change  edu- 
cation and  research,  and  the  nature 
of  work.  Artificial  intelligence  defined 
in  electronic  terms  is  called  "behavior 
by  a  machine  which,  if  performed  by 
a  human  being,  would  be  called  intel- 
ligent." A  special  project  sponsored  by 
Science  and  Education  at  USDA  set 
Purdue  University  scientists  to  the 
task  of  determining  the  potential  ap- 
plications of  expert  systems  for  agri- 
culture and  the  costs  and  benefits  of 
widespread  usage  in  agriculture 
production. 

Three  subsystems  have  been  iden- 
tified as  having  specific  potential  for 
agriculture:  knowledge  systems  (es- 
pecially expert  systems),  robotics,  and 
natural  language  processing. 

Knowledge  systems.  The  most 
practical  application  of  artificial  intel- 
ligence is  an  expert  system.  An  ex- 
pert system  is  a  computer  program 
designed  to  reason  like  a  human  ex- 
pert in  some  denned  area  of  expertise 
which  is  identified  as  the  domain  of 
the  system.  Within  that  domain,  the 
expert  system  can  solve  problems  in  a 
way  similar  to  human  experts.  Three 
areas  are  likely  to  have  high  priority 


here:  marketing  support,  pest  man- 
agement, and  troubleshooting  and 
diagnosis.  Expert  systems  have  par- 
ticular application  in  financial  manage- 
ment, personnel  management,  re- 
source management,  and  program 
evaluation  within  the  science  and  ed- 
ucation system  itself. 

Many  positive  considerations  must 
be  taken  into  account  in  the  develop- 
ment of  expert  systems.  Expert  sys- 
tems transfer  knowledge  into  comput- 
erized form,  provide  reasons  for 
decisions,  or  conclusions,  communi- 
cate with  blinding  speed,  provide  al- 
ternative decisions,  improve  worker 
safety  and  work  flow.  In  the  future,  a 
growing  number  of  expert  systems 
will  increase  the  reasoning  power  of 
professionals  working  to  increase  ag- 
ricultural productivity  and  profit- 
ability. 

Robotics.  Robots  are  becoming  so 
prevalent  in  industry  that  manufac- 
turers are  beginning  to  take  a  census 
of  robots  each  year.  They  are  tireless 
workers  that  have  potential  applica- 
tion for  research  and  agriculture. 
Practical  applications  for  robots  in  ag- 
riculture are  replacing  human  labor 
in  labor  intensive  tasks,  improving 
the  quality  of  task  performance,  and 
improving  safety. 

It  is  unlikely  that  agriculture  will 
take  the  lead  in  robotic  research. 
Most  of  the  practical  application  will 
derive  from  examples  in  manufactur- 
ing and  military  uses. 

Natural  language  processing. 

One  of  the  major  barriers  to  computer 
use  is  the  amount  of  time  and  effort 
required  to  input  data.  Computer  op- 
erating systems  or  programs  have  not 
always  been  user  friendly  and  have 
had  limitations  in  research  and  exten- 
sion programs.  The  development  of 
systems  that  use  some  characteristics 
of  natural  language  processing  is  well 
under  way.  Natural  language  process- 
ing is  being  used  in  other  industries 
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and  has  significant  potential  for  agri- 
culture. A  panel  of  experts  assembled 
at  Purdue  University  to  explore  some 
of  the  potential  uses  of  computer  nat- 
ural language  understanding  along 
with  voice  recognition.  Valuable  appli- 
cations included: 

•  Voice  control  of  machinery,  a  capa- 
bility which  incorporates  elements 
of  robotics  and  has  the  potential  for 
vastly  increasing  worker  safety, 
particularly  if  the  system  allows  the 
operators  to  shut  off  machines  by 
voice  commands. 

•  Increased  ease  of  computer  use,  a 
facility  which  could  indirectly  im- 
prove the  management  of  farm 
businesses. 

•  Increased  ease  of  recordkeeping  or 
data  collection,  made  possible  by 
speaking  needed  information  di- 
rectly to  the  computer. 

General  applications  of  artificial  in- 
telligence will  become  widespread  in 
agriculture  before  the  year  2000. 

One  interesting  project  at  Purdue 
was  the  development  of  an  expert 
system  that  will  evaluate  research 
programs.  An  administrator,  with  the 
aid  of  an  expert  system,  can  evaluate 
proposed  research  projects  for  scien- 
tific, economic,  and  institutional  ac- 
ceptability. The  concepts  in  this  pro- 
gram can  be  further  expanded  to 
assess  research  accomplishments,  al- 
locate resources,  and  analyze  the  ef- 
fects of  governmental  policy  and 
other  agricultural  decision  needs.  The 
gains  made  in  agriculture  production 
in  the  future  will  be  tied  to  the  wise 
application  of  information  and 
decisionmaking. 

Artificial  intelligence  will  play  an 
increasingly  important  role  in  re- 
search and  extension  programs  and 
on  farm  applications. 

Interactive  Videodisc.  Seldom 
does  a  single  medium  provide  the  po- 
tential for  information  delivery,  edu- 
cational delivery,  and  problem  solving 
all  in  one.  This  is  the  case,  though, 


with  interactive  video.  An  interactive 
video  system  is  composed  of  a  com- 
puter and  a  laser  disc.  The  optical 
laser  disc  is  used  to  store  visual  im- 
ages, sounds  and  text  just  as  a  video 
tape.  A  laser  disc  12  inches  in  diame- 
ter can  hold  as  many  as  54,000  im- 
ages per  side,  and  material  can  be 
found  in  a  matter  of  seconds  with  the 
aid  of  a  computer.  Interactive  video 
combines  the  power  and  design  tech- 
niques of  the  well-known  Computer 
Based  Instruction  system  with  the 
visual  and  audio  capabilities  of  video 
recording  media. 

Interactive  videodisc  technology 
has  multiple  applications  for  both  re- 
search and  extension  activities.  Train- 
ing by  interactive  video  has  been  ex- 
tremely cost  effective.  The  use  of  this 
medium  in  agriculture  has  many 
practical  applications.  Presently  a  new 
application  of  the  technology  is  help- 
ing farmers  plot  their  own  financial 
paths.  The  program  under  study  by 
the  Extension  Service  provides  self- 
help  in  financial  planning  to  assist 
farmers  in  making  sound  financial 
management  decisions.  It  is  like  hav- 
ing a  financial  planner  in  your  own 
office.  It  walks  farmers  through  the 
lending  process  and  cash  flow  plan- 
ning while  experiencing  a  simulated 
session  with  a  loan  officer.  Simulation 
is  another  important  aspect  of  inter- 
active video. 

As  an  information  delivery  device, 
interactive  video  is  being  valued  at 
"point  of  purchase"  locations.  Several 
large  lawn  and  garden  stores  have 
found  the  technology  useful  in  pro- 
viding personal  service  to  customers. 
Buyers  and  potential  buyers  can  learn 
about  weed  control,  pest  control,  lawn 
care  and  management,  and  informa- 
tion about  plant  varieties.  Latest  re- 
searched knowledge  can  be  at  the 
fingertips  of  users  in  a  manner  of 
seconds. 

Some  educational  experts  have  in- 
dicated that  interactive  video  is  the 
single  most  powerful  tool  in  the  edu- 
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A  computer  printout  containing  specific  data  about  his  dairy  helps  a  Maryland  dairy 
operator- 


cational  marketplace  today.  Wider  ap- 
plications of  this  medium  will  be 
online  in  research  and  extension  pro- 
grams in  the  near  future.  It  is  a  prac- 
tical way  to  distribute  information  and 
educational  programs  and  deal  with 
many  of  the  problem-solving  issues 
facing  rural  communities  today.  The 
uses  of  the  technology  will  only  be 
limited  by  the  researcher's  and  exten- 
sion professional's  imaginations. 

Encoded  Cards.  Many  other 
technological  developments  on  the 
horizon  will  affect  agriculture  and  the 
integration  of  new  knowledge  in  agri- 
cultural systems.  Encoded  cards,  for 
example,  are  now  being  developed 


that  can  store  as  many  as  800  pages 
of  information.  One  can  imagine  a 
card,  the  size  of  a  credit  card,  provid- 
ing all  the  latest  research  on  a  spe- 
cific  subject.  With  the  aid  of  an  en- 
coder (a  machine  that  reads  the 
card),  those  in  need  of  new  informa- 
tion on  an  ongoing  basis  will  have  it 
readily  available  at  low  cost. 

Compact  Disks.  Another  technol- 
ogy that  is  on  the  horizon  for  client 
use  is  the  compact  disk.  Already  pop- 
ular in  audio  sound,  the  compact  disk 
can  be  used  to  sort  data  just  as  effec- 
tively. A  compact  disk,  5'/i  inches  in 
size,  can  store  225,000  pages  of 
information. 
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Applications  of  Future 
Electronic  Information 
Technology 

Don  A.  Dillman,  Professor  of  Rural 
Sociology  at  Washington  State  Uni- 
versity, suggests  how  some  of  the  ap- 
plications of  this  technology  might 
look  on  a  dairy  farm  in  the  year  2000 
based  on  the  multiple  changes  in  the 
information  age.  "These  changes 
could  mean  making  up  to  the  minute 
assessments  of  individual  production, 
feed  consumption  and  cost  records  for 
herds  of  genetically  manufactured 
cows,  each  of  which  is  too  large  to  be 
allowed  out  of  the  milking  shed.  It 
could  mean  sending  and  receiving 
production  records  to  or  from  any- 
where on  earth  by  instant  electronic 
command  rather  than  mail  or  per- 
sonal visit.  It  could  also  mean  the  ca- 
pability for  video  communication  with 
European  dairy  farmers  more  easily, 
more  quickly,  and  at  no  more  cost 
than  once  was  required  to  take  a  ve- 
hicle to  a  neighboring  farm  home,  fa- 
cilitated by  instantaneous  computer 
translation  of  languages. 

It  could  mean  receiving  national 
and  worldwide  narrowcast  TV  pro- 
grams tailored  to  the  needs  of  dairy 
farms  complete  with  feedback  poten- 
tial for  instant  referenda.  It  could 
mean  easily  locating,  sorting,  and 
identifying  from  massive  data  files  the 
information  needed  to  make  a  deci- 
sion using  voice  rather  than  keyboard 
commands.  It  could  even  mean, 
through  use  of  artificial  intelligence, 
the  designing  of  an  entirely  new  way 
to  house,  feed,  milk  and  care  for  cows 
that  takes  into  account  everything 
from  micro  farm  climate  to  farmer 
temperament  with  the  best  solution 
being  unique  to  each  locale  and 
farmer." 

What  Professor  Dillman  suggests 
for  the  dairy  farmer  can  be  translated 
to  almost  every  aspect  of  agriculture 
production.  Is  Professor  Dillman  cor- 


rect? Jim  McGrann,  Professor  of  Agri- 
cultural Economics  at  Texas  A&M  al- 
ready is  directing  a  project  "Year 
2000  Computerized  Farm."  McGrann 
suggests  that  by  the  year  2000  "we 
will  be  laughing  at  what  we  are  using 
today." 

The  changes  in  information  tech- 
nologies are  unprecedented.  The  in- 
formation processing  activities  and 
skills  of  agriculture  will  be  trans- 
formed markedly  and  as  profoundly 
as  any  industry. 

In  the  past,  many  new  technologies 
helped  to  leverage  the  Extension 
professional's  information,  educational 
and  problem-solving  roles.  These  in- 
cluded films,  slides,  audio  tapes,  tele- 
phone, automobile,  newsletters, 
books,  and  demonstrations.  Today  the 
issues  are  more  complex  and  require 
additional  information  based  on  the 
research  being  conducted  at  the  land- 
grant  universities  and  State  Experi- 
ment Stations. 

Now  there  are  new  technologies  to 
meet  the  needs  of  the  times.  The  Ex- 
tension educator  of  the  future  will  le- 
verage expertise  with  satellite  trans- 
mission, interactive  video,  data  bases, 
computers,  videocassettes,  audio  and 
videoconferencing,  electronic  mail, 
video  text  and  more.  The  researcher 
and  Extension  educator  of  tomorrow 
will  be  far  different  from  today.  As 
those  individuals  remain  the  fulcrum 
between  needs  and  educational  sys- 
tems, electronic  technology  will  be  at 
the  forefront  driving  the  change. 
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Agricultural 
Agent  of  the 
Future 

David  W.  Dik,  assistant  director, 
Cooperative  Extension  Service, 
Cornell  University,  Ithaca,  NY,  and 
Charlotte  B.  Travieso,  supervisory 
computer  systems  analyst, 
Extension  Service 

Could  a  computer  replace  your 
county  agent?"  The  Farm  Com- 
puter News  (October,  1985)  asks. 

"Computers  are  a  tool,  a  good  one, 
of  the  county  agent's  trade"  says 
Vivan  Jennings,  Extension  Deputy 
Administrator  for  Agricultural  Pro- 
grams. "We're  going  to  need  good 
minds  in  people  to  interpret  data  and 
to  provide  additional  analysis  of  infor- 
mation transmitted  by  computers," 
adds  Kenneth  Bolen,  Director  of  Ex- 
tension at  Colorado  State  University. 

Following  is  a  future  scenario,  a 
look  at  the  Agricultural  Extension 
agent's  office  of  the  future: 

It  is  8:30  a.m.  on  Monday,  May  10, 
1990.  Extension  Agent  Terry  arrives 
at  the  office.  Terry  remembers  how 
the  office  looked  when  it  was  filled 
with  the  cabinets  and  piles  of  paper- 
work. Now  there  is  room  for  a  confer- 
ence table,  some  chairs,  tele- 
conferencing phone  setup,  and,  of 
course,  the  office  computer,  its  com- 
munications equipment,  and  a  large 
screen  television.  The  worktable  is 
neater  than  the  old  desk  used  to  be. 
Terry  rarely  uses  a  typewriter.  The 
telephone  and  associated  electronic 
media  are  used  to  communicate  with 
clientele. 

Portable  Computers,  Elec- 
tronic Mail,  Stored  Voice 
Messages.  The  first  thing  Terry 
does  is  to  connect  a  portable  micro- 
computer to  the  county  computer  and 
retrieve  the  voice  and  text  electronic 


messages  which  were  received  over- 
night. Since  the  telephone  company 
converted  to  digitized  voice  signals, 
the  office  computer  now  stores  voice 
messages. 

Terry  uses  the  office  computer  to 
check  the  day's  appointment  calendar 
and  scan  voice  messages.  Harold  has 
a  question  on  planting  seed  varieties 
whose  germination  will  not  be  inhib- 
ited by  the  herbicide  applied  last 
spring.  Because  the  voice  message  is 
digitized  and  stored  in  the  office  com- 
puter's memory,  Terry  is  able  to  re- 
address  the  voice  message  to  the  uni- 
versity subject  matter  specialist  along 
with  a  priority  request  for  a  quick  re- 
sponse. Terry  adds  a  note  describing 
the  land  area  and  supplying  the 
chronological  data  that  the  specialist 
needs  to  answer  Harold's  question 
accurately. 

National  Computer  Network. 

Terry  also  sets  an  acknowledgment- 
requested  clock  which  will  return  a 
notice  if  the  specialist  has  not  re- 
trieved the  message  within  a  specified 
time.  If  the  specialist  at  the  land- 
grant  school  is  unavailable  or  cannot 
answer  the  question  quickly,  the 
problem  can  be  forwarded,  via  the  na- 
tional Extension  network,  to  other 
scientists  and  specialists  who  are 
knowledgeable  about  herbicide  use. 

Terry  is  impressed  with  the  capabil- 
ity of  the  technology  and  communica- 
tions equipment  in  the  county  office. 
It  can  forward  a  farmer's  question  in- 
stantaneously to  people  with  experi- 
ence and  expertise  in  all  of  the  U.S. 
land-grant  schools.  Some  questions 
raised  by  clientele  also  are  answered 
by  researchers  working  with  private 
compr  nies,  since  the  network  extends 
beyond  the  public  sector  to  research- 
ers at  private  corporations. 

After  handling  the  overnight  voice 
messages  left  by  clientele,  Terry 
checks  the  electronic  text  messages. 
Terry  types  responses  to  some  and 
adds  voice  annotation  to  others.  Terry 
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addresses  the  responses,  including 
spoken  comments,  to  the  appropriate 
clients.  Next,  Terry  teleconferences 
with  agents  in  six  other  counties  to 
discuss  a  report  due  at  the  state  office 
at  the  end  of  the  week.  The  other 
agents  agree  that  Terry  will  summa- 
rize their  suggestions  and  send  them, 
by  voice  message,  to  the  committee 
chair.  The  chair  will  listen  to  the  sug- 
gestions and  decide  how  to  incorpo- 
rate them. 

Teleconferencing.  Terry  and  the 
other  agents  like  being  directly  in- 
volved in  the  decisionmaking  process 
for  the  report.  They  are  confident  the 
comittee  chair  will  forward  their 
ideas,  along  with  the  full  text  of  the 
report,  to  the  state  specialist,  who  will 
be  able  to  complete  this  report  in  a 
few  days.  Previously,  reports  were  ex- 
changed through  the  mail  to  be  re- 
vised and  retyped  before  being  sub- 
mitted for  final  approval.  This  process 
took  2  to  3  weeks  instead  of  2  to  3 
days  using  this  technology. 

Terry  next  checks  the  day's  current 
and  forecasted  weather  maps.  They 
were  sent  from  the  land-grant  school 
the  previous  night  and  were  stored  in 
the  county  computer.  Terry  down- 
loads the  weather  information  to  a 
portable  computer  that  can  be  carried 
throughout  the  county. 

Expert  Systems.  Terry  notices 
that  the  county  computer  is  busy 
polling  the  remote  weather  stations  in 
this  area  of  the  State.  The  computer 
automatically  collects,  stores,  and  for- 
wards the  data  to  the  university  com- 
puter. Weather  research  information 
is  continually  updated  and  transmit- 
ted to  the  main  computer,  to  be  used 
by  the  climatologist  to  update  fore- 
casting models  for  local  weather.  This 
practical  agricultural  application  is 
one  result  of  research  in  artificial  in- 
telligence and  expert  systems. 

A  freeze  alert  is  forecast  for  certain 
areas  of  the  county  the  next  morning 


from  2  to  5  a.m.  Terry  selects  from 
the  county  computer  a  list  of  fruit 
growers  in  the  area  of  the  freeze 
alert,  along  with  their  phone  num- 
bers. Then  Terry  dictates  a  warning 
message  and  instructs  the  computer 
to  call  each  grower  and  deliver  the 
message.  The  computer  dials  each 
number,  waits  for  an  acknowledge- 
ment code,  and  repeats  the  message 
alerting  each  grower  to  monitor  for 
freezing  conditions  tomorrow  morn- 
ing. The  county  fruit  growers  sub- 
scribe to  the  service.  Extension  pi- 
oneered this  service,  which  combines 
research  improvements  in  weather 
forecasting  with  timely  information 
delivery  to  county  fruit  growers. 

Mobile  Phones.  Terry  drives  to  a 
master  food  preserver  volunteer  train- 
ing site.  The  trip  takes  about  twenty 
minutes.  During  the  drive,  Terry  uses 
the  portable  car  phone  to  call  the  four 
county  Food  and  Nutrition  aides  to 
discuss  their  game  plans  for  the  day. 
Conference  call  capability  makes  it 
possible  for  all  of  them  to  be  on  the 
line  simultaneously.  At  the  farmers' 
market,  Terry  coordinates  the  master 
food  preserver  volunteer  trainers  and 
leaves  the  special  software  that  was 
developed  to  help  the  volunteers  ana- 
lyze the  nutritional  value  and  cost  ef- 
fectiveness of  home  processed  foods. 
On  the  road  again,  Terry  uses  the 
portable  car  phone  to  call  clients  who 
have  left  messages  on  the  office  com- 
puter. The  first  reply  is  quick:  "Yes, 
the  4-H  meeting  is  Tuesday,  and 
thanks  again  for  your  volunteer  sup- 
port." The  second  is  to  a  more  compli- 
cated question  from  a  farmer  who  has 
an  insect  outbreak.  Terry  pushes  a 
button  to  capture  this  message  and 
indexes  it  so  it  can  be  passed  to  the 
electronic  mail  system  for  later 
reference. 

In-Field  Problem  Solving.  The 

third  call  is  an  appointment  confirma- 
tion to  visit  a  farm  to  see  a  newly 
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seeded  alfalfa  field.  The  farmer  wants 
to  know  why  the  seed  failed  to  germi- 
nate. Terry  arrives  and  finds  the 
farmer's  problem  is  unexpectedly 
complex.  Using  the  portable  com- 
puter and  the  mobile  radio-phone, 
Terry  accesses  the  university's  com- 
puter, retrieves  valuable  alfalfa  seed 
data,  and  immediately  shares  the  data 
with  the  farmer. 

The  university  also  provides  a  deci- 
sion-aid program  to  help  the  farmer 
decide  whether  to  participate  in  a 
government  program  to  reduce  the 
production  of  soybeans  in  the  region. 
After  seeing  the  financial  figures,  the 
farmer  chooses  the  program.  Terry 
then  transmits  the  farmer's  name,  ad- 
dress, and  decision  to  the  university. 
This  information  will  be  used  later 
when  the  specialist  sends  a  question- 
naire to  the  farmer.  Was  the  recom- 
mendation provided  by  the  Extension 
Service  beneficial?  What  benefits 
were  received?  What  economic  im- 
pact did  the  decision  have  on  the 
farmer's  business?  Data  collected  by 
this  method  will  go  into  a  research 
data  base  for  agricultural  economists 
to  use  in  tracking  historical  impacts 
of  government  policies  and  programs 
on  farm  income. 

Interactive  Videodisc.  At  100 

p.m.  Terry  drives  back  to  the  office. 
At  1:30  p.m.  the  4-H  crop  and  live- 
stock judging  teams  come  into  the  of- 
fice to  practice  livestock  and  crop 
judging  for  the  state  contests  in  July. 
Terry  instructs  the  4-H  members  on 
the  use  of  two  new  computer-con- 
trolled videodisc  players.  To  acquire 
judging  skills,  the  members  use  judg- 
ing lessons  prepared  by  Terry  and  the 
livestock  specialist.  The  videodisc  les- 
sons save  time  because  farmers  no 
longer  have  to  host  the  livestock 
judging  teams  for  practice  on  their 
farms.  Terry  no  longer  has  to  trans- 
port the  teams  from  farm  to  farm  to 
make  sure  that  they  get  the  experi- 
ence needed  for  state  competition. 


The  computer-controlled  videodisc 
players  are  programmed  so  an  indi- 
vidual can  view  three  or  four  classes 
of  animals,  select  a  placement  of 
those  animals,  and  key  the  selection 
into  the  computer  for  each  class.  If 
the  judging  candidate  has  made  the 
right  selections,  the  computer  plays 
back  segments  of  the  videodisc  with 
instructions  on  the  quality  points  of 
one  animal  over  the  other.  If  the  can- 
didate has  made  the  wrong  choices, 
the  computer  points  out  the  animal's 
quality  characteristics  that  may  have 
been  overlooked.  This  program  also 
displays  the  production  records  for 
each  of  the  animals  so  that  style  and 
quality  points  can  be  related  to  actual 
production  capacity  of  the  animal. 
The  learning  experience  is  valuable 
for  these  future  members  of  the  agri- 
cultural production  segment  of 
society. 

Terry  checks  the  list  of  people  who 
have  stopped  at  the  office  technology 
center  to  use  the  programmable  video- 
disc players  to  find  information  and  to 
solve  problems.  Many  questions  relate 
to  personal  finance  and  financial 
management  alternatives.  Terry  for- 
wards to  the  family  living  specialist  at 
the  university  a  message  indicating 
increased  use  of  programs  on  family 
resource  and  financial  planning. 

It  is  now  3:30  p.m.  Terry  puts  a 
message  on  the  dial-access  system 
and  in  the  computer  mail  system  to 
announce  the  countywide  farm  field 
days  scheduled  for  the  next  month. 
The  message  is  automatically  sent  to 
the  commercial  videotext  companies 
that  supply  information,  market,  and 
banking  services  to  farmers  in  the 
county.  Using  commercial  videotext 
companies  and  the  county  computer 
makes  it  easy  for  Extension  to  inform 
clientele  about  upcoming  events  in 
the  county  and  target  information  to 
people  who  might  be  interested. 

Terry  finishes  the  workday  by  re- 
viewing the  secretary's  progress  and 
by  looking  at  appointments  and  proj- 
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ects  for  tomorrow.  Terry  then  ac- 
cesses the  national  Extension  plan-of- 
work  data  base  to  see  if  other  States 
are  working  in  priority  areas  similar 
to  those  in  Terry's  county. 

While  closing  up  the  office,  Terry 
notices  the  worn  briefcase  behind  the 
door.  Smiling,  Terry  thinks,  "I  used  to 
take  that  thing  home  loaded  with  pa- 
pers many  a  night.  All  I  need  now  is 
my  computer  at  home  and  here  at  the 
office.  I'm  able  to  perform  at  a  profes- 
sional level  with  new  tools  and  feel 
proud  to  be  a  part  of  the  Extension 
system." 


Information 
Centers:  From 
Irradiation  to 
Biotechnology 
and  Beyond 

Maria  G.  Pisa,  leader,  Special 
Services  and  Communications, 
Education  and  Information  Staff, 
National  Agricultural  Library, 
Beltsville,  MD 

Modern  agricultural  research  is  a 
dynamic  enterprise  requiring 
the  digestion  of  large  amounts  of  in- 
formation to  help  give  it  focus,  direc- 
tion, and  justification.  As  the  Nation's 
storehouse  for  that  information,  the 
National  Agricultural  Library  (NAL) 
answers  a  steady  flow  of  inquiries. 
From  scientists  and  technicians 
across  the  country,  come  inquiries 
like  these: 

•  A  scientist  in  Texas  conducting  re- 
search on  polyculture  of  channel 
catfish  and  freshwater  prawns  in  a 
10-acre  pond  is  in  need  of  the  lat- 
est studies  on  the  subject.  Her 
continuing  research  may  lead  to  in- 
creased production  of  farm-pro- 
duced fish  to  help  satisfy  interna- 
tional food  needs  and  increase 
farmer  income. 

•  A  U.S.  Department  of  Agriculture 
(USDA)  research  administrator  at- 
tempting to  determine  risk  factors 
in  the  potential  release  of  geneti- 
cally engineered  organisms  into  the 
environment  requires  an  exhaus- 
tive search  of  the  literature.  This 
information  will  help  guide  the  Ag- 
ricultural Research  Service  in  for- 
mulating policy  for  future  biotech- 
nological  research. 

•  In  Oregon,  a  university  faculty 
member  serving  on  a  national  task 
force  focusing  on  emerging  indus- 
trial crops  requests  data  on  levels 
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of  investment  in  new  crops  re- 
search. The  data  supplied  reveals  a 
minimal  national  investment  of  re- 
sources. This  information  is  sup- 
porting the  development  of  indus- 
trial crops  vital  to  the  economy. 
A  team  of  USDA  scientists  petition- 
ing the  Food  and  Drug  Administra- 


tion to  allow  the  irradiation  of 
poultry  meat  at  medium  doses 
questions  the  potential  of  Clostri- 
dium Botulinum  growth  in  the  irra- 
diated product.  A  comprehensive 
bibliography  of  published  research 
findings  substantiates  their  con- 
cern and  offers  a  solution  to  the 


Subject-oriented  information  centers  at  the  National  Agricultural  Library  in  Beltsville, 
Maryland,  support  research  conducted  at  adjoining  USDA  research  facilities  and 
throughout  the  country. 
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problem:  controlled  refrigerated 

storage. 

Information  centers  at  NAL  are 
supporting  researchers  daily  by  sup- 
plying information  that  will  lead  to 
answers  to  these  and  other  questions. 
Inquiries  in  subject  areas  such  as 
biotechnology,  aquaculture,  critical 
materials,  food  irradiation,  and  food 
and  nutrition  are  referred  to  informa- 
tion center  coordinators  who  stand 
ready  to  use  the  world's  information 
base  to  deliver  the  documentation  vi- 
tal to  a  scientist's  research. 

Life  Cycle  of  a  Question 

NAL  each  year  responds  to  more  than 
30,000  requests  for  information  ex- 
clusive of  the  more  than  150,000  re- 
quests received  solely  for  documents. 
A  portion  of  these  questions  will  be 
reference  research  requests  and  will 
be  directed  to  an  appropriate  subject- 
related  center.  Once  there,  they  will 
be  carefully  analyzed  and  the  most 
effective  response  determined. 

Within  a  given  center  a  wealth  of 
information  is  available,  and,  literally, 
at  the  fingertips  of  a  librarian  or  tech- 
nical information  specialist.  Through 
the  course  of  answering  a  complex 
research  request,  for  instance,  an  ar- 
ray of  computerized  databases  will  be 
tapped  to  track  the  world's  published 
literature  on  a  given  topic,  locate  re- 
search in  progress,  and  cull  statistical 
data.  Sophisticated  search  strategies 
will  be  designed  to  retrieve  precisely 
the  information  needed,  in  the  format 
in  which  it  is  needed. 

Relevant  documents  will  be  se- 
lected and  photocopied  from  NAL's 
expansive  collections  or  borrowed 
through  interlibrary  loan.  A  carefully 
constructed  support  network  of  sub- 
ject area  experts  and  organizations 
will  be  activated  for  referrals.  Private 
files  compiled  ad  hoc  will  be  scoured. 
Finally,  a  detailed  information  pack- 
age reflecting  a  potpourri  of  inputs 
will  be  assembled  and  readied  for 


delivery. 

Once  a  reference  inquiry  is  com- 
pleted to  the  satisfaction  of  the  user, 
it  will  take  on  a  new  dimension 
within  an  information  center.  For  the 
center's  coordinator,  the  question  it- 
self as  well  as  the  answer  becomes 
information— information  which  will 
likely  serve  as  the  building  blocks  for 
expanding  the  resources  of  the  center 
and  NAL.  The  inquiry  may  be  used 
as  the  basis  for  evaluating  the 
strength  of  NAL  collections  in  a  par- 
ticular subject  area.  How  effectively 
was  the  question  answered  through 
on-site  collections?  Are  core  journal 
titles  missing?  Have  important  texts 
or  directories  been  published  recently 
that  the  Library  should  acquire?  Is 
the  best  information  contained  in  the 
private  library  of  a  noted  expert  or 
housed  at  another  library,  and  should 
the  center  seek  to  duplicate  it  on  micro- 
fiche, laser  disc,  or  some  other 
technology? 

The  question's  interest  to  a  wider 
audience  also  will  be  considered.  If 
the  inquiry  is  on  a  timely  topic  likely 
to  generate  numerous  requests  for 
the  same  information,  a  Quick  Bibli- 
ography, Special  Reference  Brief,  or 
Pathfinder  may  be  developed. 

These  information  products  direct 
users  to  the  available  literature  and 
other  resources  with  instructions  for 
how  to  obtain  the  information.  Other, 
more  extensive  bibliographies  also 
may  emanate  from  the  original 
request. 

Information  Centers- 
Back  to  the  Future 

Information  centers  are  a  relatively 
new  concept  at  NAL.  Why  informa- 
tion centers?  What  is  the  impetus  be- 
hind their  creation?  And  more  impor- 
tantly, how  will  their  services  differ 
from  those  the  Library  has  tradition- 
ally provided?  To  answer  these  ques- 
tions, let  us  digress  a  moment  to  the 
past. 
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i  ne  manui 


Outreach  activities  such  as  attendance  at 
professional  meetings  and  trade  shows 
heighten  awareness  of  information  center 
products  and  services. 


When  Isaac  Newton,  the  first  Com- 
missioner of  Agriculture,  outlined  the 
program  for  a  new  Department  in 
1862,  he  placed  near  the  top  of  his 
list  the  establishment  of  an  agricul- 
tural library.  He  believed  that  a  rich 
mine  of  knowledge  would  be  accu- 
mulated through  exchange,  gift,  and 
purchase.  With  the  blessing  of  Com- 
missioner Newton  and  an  appropria- 
tion of  $4,000,  1,000  books  were 
transferred  from  the  Agricultural  Di- 
vision of  the  U.S.  Patent  Office. 
These  volumes  formed  the  nucleus  of 
what  was  to  become  one  of  the  most 
extensive  collections  of  agricultural 
literature  in  the  world. 

The  Library,  from  its  inception,  has 


been  the  principal  agency  in  US  DA 
for  the  acquisition,  storage,  and  dis- 
semination of  scientific  and  technical 
information.  A  primary  objective  of 
the  early  library  was  to  develop  col- 
lections and  provide  services  to  sup- 
port the  Department's  programs. 
Since  research  has  always  been  a  key 
program,  the  Library  grew  into  a  ma- 
jor research  library  supporting  not 
only  all  USDA  agencies,  but  other  re- 
lated government  activities  as  well. 

As  the  Library's  collection  and  serv- 
ices steadily  expanded,  so  did  its 
reach.  The  Department's  agricultural 
library  rapidly  became  the  Nation's 
agricultural  library  with  a  collection 
of  1.8  million  volumes  including 
25,000  journal  tides.  Today,  NAL  is 
one  of  the  largest  agricultural  librar- 
ies in  the  world.  Nationally,  it  is  the 
coordinator  and  primary  resource  for 
a  network  of  State  land-grant  and 
field  libraries  that  work  together  to 
deliver  information  to  all  sectors  of 
the  population — from  the  researcher 
to  Extension  workers,  farmers,  law- 
makers, industrialists,  students,  pri- 
vate citizens,  and  others  with  an  in- 
terest in  agriculture. 

Internationally,  it  is  the  designated 
U.S.  center  for  the  worldwide  agricul- 
tural information  system  sponsored  by 
the  United  Nations  Food  and  Agricul- 
ture Organization  (FAO).  Roughly  60 
percent  of  its  collection  is  of  foreign 
origin.  Most  of  these  materials  are  ob- 
tained through  an  international  ex- 
change program  that  brings  some 
100,000  items  into  NAL  each  year.  A 
tradition  of  special  donations  and  gifts 
by  individuals  and  private  organiza- 
tions complements  this  process. 

Over  the  years,  NAL  has  become 
many  different  things  to  many  peo- 
ple: an  internationally  recognized  re- 
search library;  AGRICOLA,  a  comput- 
erized database  offering  worldwide 
access  to  more  than  2  million  refer- 
ences to  books  and  journal  articles  in 
the  NAL  collection;  Special  Collec- 
tions, housing  rare  books,  manu- 
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scripts,  oral  histories,  photographs, 
and  the  donated  private  libraries  of 
eminent  scientists  and  administrators; 
CALS,  an  automated  system  which 
keeps  USDA  researchers  alerted  to 
the  latest  literature  in  their  field  of  in- 
terest; the  site  of  investigations  into 
the  use  of  laser  technology  and  ex- 
perts systems  that  are  changing  the 
means  by  which  information  is 
stored,  distributed  and  used,  and 
much  more. 

But  for  all  of  this,  NAL  remains  a 
dynamic  organization  continually 
searching  for  ways  to  enhance  its  re- 
sponsiveness to  its  current  clientele 
and  in  the  process  reach  new  user 
groups.  To  help  accomplish  this  goal, 
the  Library  decided  to  create  informa- 
tion centers  on  various  subjects  and 
in  doing  so  work  with  support  groups 
in  industry,  Federal  and  State  agen- 
cies, and  the  scientific  community  to 
establish  these  centers  as  national  fo- 
cal points  for  information  dissemina- 
tion activities.  The  Library's  unparal- 
leled collections  would  provide  the 
bibliographic  and  informational  foun- 
dation from  which  these  centers 
would  grow. 


Structure  of  an 
Information  Center 

Recognizing  that  agriculture  is  a 
broad-based  discipline,  several  factors 
have  determined  what  subjects  will 
initially  be  covered  by  information 
centers.  These  include:  1)  Congres- 
sional mandate;  2)  priorities  within 
USDA;  3)  availability  of  subject  ex- 
pertise on  NAL  staff;  and  4)  financial 
support  and  interest  by  agricultural 
trade  and  professional  organizations. 
While  information  centers  are  not 
physically  isolated  units — materials 
are  housed  at  NAL  within  the  regular 
collection — the  designation  of  a  topic 
as  an  information  center  will  effect 
increased  activity  on  several  fronts 
including: 


Collection  Development. 

Strengthen  the  identification  and  ac- 
quisition of  new  books,  journals, 
audiovisual  materials,  and  computer 
software.  Locate  and  acquire  out- 
standing historical  collections  and 
oral  histories  that  will  help  enrich  the 
national  collection.  Enter  these  acqui- 
sitions into  AGRICOLA  and  other 
computer  data  base  systems,  making 
materials  available  nationally  and  in- 
ternationally through  interlibrary 
loan. 

Information  Products.  Develop 
researcher  and  consumer  finding  aids 
such  as  directories  of  experts,  institu- 
tions, associations,  and  current  re- 
search as  well  as  guides  to  the  litera- 
ture such  as  subject  bibliographies 
and  pathfinders. 

Outreach.  Increase  the  awareness 
of  information  center  products  and 
services  through  presentations  to  in- 
terested organizations,  attendance  at 
professional  meetings  and  trade 
shows,  specialized  brochures  and 
pamphlets,  and  traveling  exhibits. 

Public  Services.  Provide  ex- 
panded information  services  for  re- 
sponding to  consumer  and  scientific 
inquiries  through  appointment  of  one 
or  more  NAL  staff  to  coordinate  a 
center's  response  network. 

Information  Centers  at  a 
Glance 

Since  the  introduction  of  the  informa- 
tion centers'  concept,  several  centers 
have  been  established  and  are  opera- 
tional. Some  of  their  varied  activities 
are: 

Food  Irradiation.  Interest  in  the 
uses  of  food  irradiation  to  control  in- 
sect and  microbial  contamination, 
prevent  disease,  and  keep  food 
fresher  longer  is  growing  among  con- 
sumers, the  food  industry,  and  gov- 
ernment. This  interest  has  been  stim- 
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ulated  by  public  concerns  over 
potential  health  hazards  associated 
with  the  application  of  postharvest 
chemical  treatments  to  food  commod- 
ities. Public  and  private  demand  for 
information  about  food  irradiation  has 
spurred  Library  efforts  to  centralize 
and  enhance  access  to  the  large  body 
of  food  irradiation  materials. 

A  direct  result  of  these  efforts  has 
been  the  acquisition  of  several  collec- 
tions from  the  USDA  Eastern  Re- 
gional Research  Center  in  Wynd- 
moor,  Pennsylvania.  These  include 
the  Raltech  studies  on  the  nutritional 
and  toxicological  properties  of  irradi- 
ated poultry  meat  and  the  findings 
from  the  Natick  Laboratory  and  U.S. 
Army  Test  and  Evaluation  sponsored 
research  on  the  effects  of  meat 
irradiation. 

Together  these  collections  represent 
research  conducted  by  leading  au- 
thorities in  government,  industry,  and 
academia  since  1945.  These  collec- 
tions are  particularly  valuable  for 
their  inclusion  of  unpublished  re- 
ports, supporting  documents,  and 
brochures.  The  acquisition  of  other 
toxicological  studies  is  being  pursued 
nationally  and  internationally  through 
exchange  agreements  with  foreign 
countries.  The  Center  is  working  with 
the  Agricultural  Research  Institute's 
Special  Committee  on  Irradiation 
Processes  for  Agricultural  Products, 
the  Coalition  for  Food  Irradiation,  and 
other  organizations  to  help  direct  fu- 
ture expansion  and  to  identify  addi- 
tional sources  of  support. 

Aquaculture.  Based  on  the  Na- 
tional Aquaculture  Act  of  1980  calling 
for  the  establishment  and  mainte- 
nance of  an  information  service  for 
aquaculture,  this  Aquaculture  Center 
has  steadily  increased  its  resources. 

In  collection  development,  the  Cen- 
ter has  acquired  microfiche  copies  of 
the  Virginia  Institute  of  Marine  Sci- 
ences' (VIMS)  sizable  aquaculture 
collection.  This  document  collection 


includes  journals,  books,  reports, 
theses,  proceedings,  newsletters,  and 
English  translations  of  foreign  papers. 
It  provides  coverage  on  the  cultivation 
of  marine,  brackish,  and  freshwater 
organisms  including  disease,  econom- 
ics, engineering,  food  and  nutrition, 
and  legal  aspects.  The  collection  is 
particularly  useful  for  its  short,  "how- 
to"  articles  and  news  items.  And,  per- 
haps most  importantly,  the  VIMS  ac- 
quisition places  NAL  in  the  position 
of  being  able  to  act  more  adequately 
as  a  document  delivery  backup  for 
some  of  the  more  fugitive  materials  in 
this  field. 

The  Center  also  has  made  inroads 
into  streamlining  worldwide  aqua- 
culture information  collection  and 
dissemination  responsibilities.  In  an 
arrangement  with  the  National 
Oceanic  and  Atmospheric  Administra- 
tion (NOAA)  and  the  FAO's  Aquatic 
Science  and  Fisheries  Information 
System  (ASFIS) — an  international 
bibliographic  service  covering  the 
world's  literature  on  aquatic  sciences 
and  fisheries — ASFIS  is  supervising 
all  indexing  of  aquaculture  informa- 
tion. NAL  supports  ASFIS  by  ensur- 
ing a  flow  of  aquaculture-related  doc- 
uments from  its  own  acquisitions  to 
be  abstracted,  indexed,  and  entered 
into  the  ASFIS  database.  This  ar- 
rangement will  permit  a  more  thor- 
ough coverage  of  the  literature  of  aqua- 
culture than  was  previously  available 
in  AGRICOLA.  It  also  will  free  NAL 
staff  to  provide  better  coverage  in 
other  areas. 

As  interest  in  aquaculture  contin- 
ues to  accelerate,  so  does  the  demand 
for  information.  To  help  cope  with  the 
daily  barrage  of  inquiries,  Center  staff 
are  in  the  preliminary  stages  of  devel- 
oping an  expert  system  that  may 
someday  perform  some  of  the  activi- 
ties which  now  lie  within  the  domain 
of  the  reference  librarian.  In  the  not- 
too-distant  future,  a  would-be  aqua- 
culturist  eager  to  start  a  catfish  farm 
in  Mississippi  may  be  able  to  sit  down 
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at  a  computer  work  station  and, 
through  a  series  of  menu-driven 
questions  and  linkages  with  other 
systems,  receive  much  the  same  in- 
depth  service  that  has  come  to  be  ex- 
pected from  a  reference  specialist. 
Not  as  warm  and  congenial  perhaps, 
but  hopefully  equally  effective. 

For  the  immediate  future,  however, 
the  Center  has  several  bibliographies 
and  short  guides  to  the  literature 
available  to  assist  users.  Titles  include 
general  aquaculture,  shellfish  and 
milkfish  culture,  and  salmon 
ranching. 

Biotechnology.  The  Biotechnol- 


ogy Information  Center  was  formed 
as  part  of  a  continuing  effort  to  com- 
plement and  support  research  priori- 
ties in  U.S.  agriculture.  Biotechnology 
is  creating  new  opportunities 
throughout  the  agricultural  sci- 
ences— finding  solutions  to  problems 
that  were  previously  unapproachable. 
As  the  results  of  promising  new  re- 
search are  reported,  it  becomes  im- 
perative that  documentation  is  cap- 
tured immediately  and  available  for 
use  by  the  scientific  establishment. 
The  staff  of  the  Biotechnology  In- 
formation Center  are  working  to  en- 
sure that  all  relevant  biotechnology 
literature  is  indexed  and  accessible 
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worldwide  through  appropriate  biblio- 
graphic services.  With  the  coopera- 
tion of  USDA  scientists  and  other  bio- 
technology experts,  Center  staff  have 
launched  an  intensive  evaluation  of 
NAL's  present  collections  and  future 
acquisitions  policy  to  meet  the  chal- 
lenges of  this  still-emerging  field. 

For  USDA  personnel,  keeping 
posted  on  recently  published  biotech- 
nology literature  is  possible  through  a 
CALS  (Current  Awareness  Literature 
Service)  system  search  of  Telegen — a 
database  of  scientific,  technical,  and 
socioeconomic  information  related  to 
genetic  engineering  and  biotechnol- 
ogy. Full-text  documents  from  Tele- 
gen in  either  hardcopy  or  microfiche 
can  be  furnished  to  USDA  and  non- 
USDA  users.  Through  CALS,  a  scien- 
tist establishes  a  profile  consisting  of 
keyword  terms  to  express  a  particular 
subject  interest.  The  profiles  are  reg- 
ularly compared  with  updated  com- 
puter tapes  from  selected  biblio- 
graphic databases  producing  for  the 
scientist  a  listing  of  the  most  recent 
literature  published  on  a  given  topic. 

Related  efforts  of  the  Center  have 
been  the  production  of  a  list  of  NAL 
journal  holdings  in  biotechnology  and 
the  preparation  of  subject  bibliogra- 
phies on  the  biotechnological  aspects 
of  plants,  animals,  soils,  risk  assess- 
ment, molecular  techniques,  food  pro- 
duction and  application,  and  biomass 
applications. 

Critical  Agricultural  Mate- 
rials. The  Critical  Agricultural  Mate- 
rials Information  Center  was  created 
in  response  to  agriculture's  new  and 
emerging  role  as  a  supplier  to  the  Na- 
tion's industrial  base.  This  Center's 
information  collection,  dissemination, 
and  preservation  activities  focus  on 
the  use  of  domestically  produced  agri- 
cultural products  that  have  the  poten- 
tial for  providing  industrial  materials 
of  vital  importance  to  the  economy, 
the  defense,  and  the  general  well- 
being  of  the  Nation.  Where  the 


United  States  has  a  high  degree  of 
reliance  on  foreign  suppliers  for  cer- 
tain key  products,  research  into  the 
production  of  crops  that  can  substi- 
tute for  these  commodities  has  taken 
on  a  new  urgency.  Some  of  the  prod- 
ucts from  these  nonfood  crops  that 
can  provide  raw  materials  for  indus- 
trial application  include  natural  rub- 
ber from  guayule;  lubricating  oil  from 
jojoba;  nylon  from  crambe;  paper 
from  kenaf;  lauric  acid  from  cuphea 
for  the  soap  and  detergent  industry; 
surfactants  from  meadowfoam;  plasti- 
cizers  from  rapeseed;  and  chemicals, 
industrial  carbon  char,  carbon  black 
and  alcohol  fuels  from  forest 
products. 

In  support  of  this  research,  NAL 
has  made  considerable  progress  in 
enhancing  coverage  of  critical  mate- 
rials literature  with  the  help  of  the 
Arid  Lands  Information  Center 
(ALIC)  at  the  University  of  Arizona. 
Through  a  cooperative  agreement, 
area  experts  are  identifying,  acquir- 
ing, cataloging,  and  indexing  newly 
published  materials.  Also,  noncopy- 
righted materials  from  the  extensive 
guayule  and  jojoba  collection  at  ALIC 
have  been  microfiched  and  indexed 
with  the  support  of  the  USDA  Office 
of  Critical  Materials. 

The  Center  operates  in  consultation 
with  the  Office  of  Critical  Materials  to 
develop  bibliographic  products  and 
provide  services  to  advance  the  re- 
search and  development  of  these 
emerging  crops.  Quick  Bibliographies 
are  available  from  the  Center  on  a 
range  of  farm  and  forest  crops  with 
industrial  potential  including  Chinese 
tallow  tree,  crambe,  cuphea,  kenaf, 
lesquerella,  lunaria,  stokesia,  and 
vernonia. 

Food  and  Nutrition  (FNIC). 

This  highly  successful  Information 
Center  serves  as  a  model  for  new 
ones.  The  Food  and  Nutrition  Service 
and  NAL  in  1971  founded  FNIC  as  a 
national  repository  of  educational  and 
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training  materials  for  use  by  persons 
in  USDA's  Child  Nutrition  Program 
(school  lunch,  child  care,  etc.).  The 
1977  Farm  Bill  established  FNIC  as  a 
resource  for  State  education  agencies 
and  other  interested  persons. 

FNIC  serves  many  types  of  users 
including  researchers,  educators, 
school  food  service  personnel,  cooper- 
ative extension  agents,  and  con- 
sumers. It  can  help  a  school  adminis- 
trator implementing  a  program  of 
nutrition  education  or  a  food  service 
manager  interested  in  effective  tech- 
niques for  supervising  personnel.  The 
Center  maintains  an  extensive  collec- 
tion of  audiovisual  materials  (e.g., 
films,  videocassettes,  posters,  games) 
that  deal  with  human  nutrition,  food 
service  management,  and  food 
science. 

Reference  services  are  provided  by 
a  staff  of  registered  dietitians  and  nu- 
tritionists. FNIC  also  is  a  national 
demonstration  center  for  food  and  nu- 
trition microcomputer  software  with 
over  100  programs  on  topics  such  as 
diet  analysis  and  nutrition  education 
available  for  review. 

FNIC,  in  addition,  contributes  the 
food  and  human  nutrition  portion  of 
the  NAL's  AGRICOLA  database 
which  includes  asbtracts.  Pathfinders 
developed  cooperatively  with  the 
Pennsylvania  State  University  list  ap- 
propriate information  resources  for 
consumers,  educators,  professionals, 
and  others  on  a  wide  variety  of  topics. 

Over  the  years,  several  selected 
bibliographies  have  been  published. 
As  a  result  of  two  of  the  publications, 
FNIC  has  become  the  national  depos- 
itory of  all  training  and  education  ma- 
terials developed  by  USDA's  Supple- 
mental Food  Program  for  Women, 
Infants,  and  Children  (WIC)  and  the 
Nutrition  Education  and  Training 
Program. 

FNIC  works  closely  with  the  Food 
and  Nutrition  Service,  Human  Nutri- 
tion Information  Service,  and  Exten- 
sion Service  of  USDA,  as  well  as  with 


various  agencies  of  the  U.S.  Depart- 
ment of  Health  and  Human  Services, 
the  March  of  Dimes,  the  Society  for 
Nutrition  Education,  and  the  Ameri- 
can Dietetic  Association. 

The  Center  has  established  a  dis- 
semination network  with  State  repre- 
sentatives of  the  American  School 
Food  Service  Association  and  the 
State  nutrition  educators  for  WIC. 

Information  Centers  . . . 
Preparing  for  the  Future 

The  identification  of  high  priority  top- 
ics for  inclusion  in  the  Information 
Centers  Program  is  an  ongoing  proc- 
ess. Suggestions  and  recommenda- 
tions are  considered  from  all  sources. 
Centers  soon  to  be  established  in- 
clude Alternative  Farming  Systems, 
Fibers,  Horticulture,  and  the  Family. 

Much  of  the  work  so  far  has  been 
done  with  existing  NAL  staff  and 
funds.  Additional  resources  will  en- 
able NAL  to  expand  its  activities  even 
further. 

As  NAL  plots  a  future  course  for  its 
information  centers,  the  needs  of  re- 
search remain  a  prime  consideration 
just  as  they  were  more  than  a  cen- 
tury ago.  But  unlike  the  previous  cen- 
tury, the  Library  has  moved  beyond 
its  traditional  role  as  primarily  the 
keeper  of  the  Nation's  agricultural 
knowledge.  The  information  explosion 
and  the  advent  of  new  techologies  to 
cope  with  it  has  challenged  us  to  mo- 
bilize the  knowledge  collected,  and  to 
integrate  and  repackage  it  to  make  it 
more  meaningful  to  the  people  that 
use  it. 

In  preparing  to  meet  the  informa- 
tion needs  of  research  in  the  next 
century,  specialized  information  cen- 
ters will  offer  a  forum  for  librarians 
and  scientists  to  explore  the  complex- 
ities of  information  and  to  cooperate 
in  the  search  for  advanced  methods 
of  communicating  the  wealth  of  new 
agricultural  information  issuing  from 
research  centers  around  the  world. 
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New 

Technologies: 
Computerizing 
the  Future 

Robert  W.  Butler,  leader,  Training 
and  Education,  National 
Agricultural  Library,  Beltsville,  MD 

The  National  Agricultural  Library 
(NAL)  is  both  the  library  of  the 
U.S.  Department  of  Agriculture  and 
the  Nation's  ultimate  research  library 
for  agriculture.  With  its  collection  of 
1.8  million  volumes  of  books,  jour- 
nals, and  reports,  and  with  special- 
ized information  centers  on  a  variety 
of  subjects  such  as  aquaculture,  bio- 
technology, food  irradiation,  and  criti- 
cal agricultural  materials,  NAL  pro- 
vides both  broad  and  selective, 
indepth  service  to  researchers,  educa- 
tors, and  practitioners. 

The  Library  has  intensified  its  ef- 
forts to  enhance  and  expand  its  infor- 
mation-providing capabilities  by  test- 
ing the  exciting  possibilities  of  the 
new  technology,  including  computer- 
based  and  video  technology,  both 
often  coupled  with  recently  developed 
and  developing  laser  technology,  and 
artificial  intelligence  software. 

Electronic  Database 

Computer  technology  has  been  in  use 
for  some  years  at  NAL.  Computer  ter- 
minals are  in  frequent  daily  use,  par- 
ticularly in  the  reference  area  of  the 
Library,  for  searching  computerized, 
online  databases,  usually  the  AGRI- 
COLA  database,  prepared  by  NAL  in 
computer-readable  form  since  1970. 
AGRICOLA  consists  of  citations  to 
books,  periodicals,  and  technical  re- 
ports and  of  articles  in  journals,  pro- 
ceedings, and  books  in  the  field  of  ag- 
riculture and  related  subjects.  Over  2 


million  citations  are  in  the  database, 
with  about  100,000  citations  added 
each  year. 

Two  commercial  systems  acquire 
the  AGRICOLA  database  and  make  it 
available  to  their  online  customers. 
One  is  the  DIALOG  Information  Re- 
trieval Service,  Inc.,  in  Palo  Alto,  Cali- 
fornia, now  providing  access  to  more 
than  220  databases  in  all  subjects, 
and  the  other  is  BRS  Information 
Technologies,  Latham,  New  York, 
with  more  than  90  databases.  These 
databases  can  be  searched  using  a 
computer  or  terminal  communicating 
through  telephone  lines  from  any- 
where in  the  country  and,  indeed,  the 
world. 

Besides  AGRICOLA,  two  other  ma- 
jor agricultural  databases  available 
online  are  the  CAB  database,  pre- 
pared by  the  Commonwealth  Agricul- 
ture Bureaux,  United  Kingdom;  and 
the  AGRIS  database  of  the  Food  and 
Agriculture  Organization  of  the 
United  Nations,  Rome,  which  con- 
tains records  prepared  in  various 
countries  throughout  the  world.  NAL 
provides  the  largest  portion  of  the 
AGRIS  database. 

Computer  Technology 

Microcomputers  or  terminals  and  as- 
sociated monitors  and  printers  are 
used  by  the  Library's  reference  staff 
to  perform  searches  as  requested 
through  mail  delivered  not  only  by 
the  post  office  but  also  over  electronic 
mail  systems,  such  as  DIALCOM,  to 
these  same  computers.  Interlibrary 
loan  requests  are  sometimes  received 
in  the  same  manner.  The  computers 
are  used  by  both  the  librarians  and 
technical-clerical  staff  to  prepare  let- 
ters or  reports  with  word  processing 
software,  such  as  Wordstar;  to  pre- 
pare budget  cost  statements  using 
spreadsheet  software,  such  as  Lotus; 
or  to  prepare  listings  such  as  that  of 
the  Library's  exchange  partners  with 
database  management  software,  such 
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An  instructional  videodisc  system  helps  orient  users  to  the  National  Agricultural 
Library. 


as  dBase  III. 

To  support  and  expand  effective 
use  of  computers,  NAL's  Food  and 
Nutrition  Information  Center  recently 
established  a  demonstration  center  for 
food  and  nutrition  microcomputer 
software.  Over  120  microcomputer 
programs  offered  include  packages  on 
diet  analysis,  food  service  manage- 
ment, and  nutrition  education.  Pa- 
trons are  provided  the  opportunity  to 
spend  "hands-on"  time  with  the  pro- 
grams on  the  Center's  microcompu- 
ters in  its  subject  area. 

Building  on  its  initial  success  in  the 
nutrition  field,  the  Library  plans  to 
broaden  this  concept  to  create  a  na- 
tional demonstration  center  for  agri- 
cultural microcomputer  software. 
There,  its  many  users — scientists,  re- 
searchers, farmers,  Extension  Service 
personnel,  teachers,  economists,  ad- 
ministrators, and  others  interested  in 
agriculture — can  evaluate  software  for 
application  to  their  work  and  be  aided 
in  making  purchasing  decisions. 


Laser  Technology 

NAL  has  been  evaluating  and  is  ex- 
panding its  use  of  the  recent  and  rap- 
idly developing  laser  optical  disc 
technology.  Two  systems  on  hand  il- 
lustrate two  different  applications  of 
laser  disc  technology,  using  Pioneer 
LDV-1000  laser  optical  disc  players 
and  the  IBM-PC  microcomputers. 

Laser  Optical  Discs.  One  sys- 
tem is  the  NAL  orientation  laser  disc 
used  to  view  an  NAL  orientation 
course,  prepared  in  a  relatively  early 
phase  of  this  technology.  It  includes  a 
floppy  disc  with  menus,  text,  video- 
disc frame  numbers,  and  program- 
ming; and  a  laser  videodisc  with 
about  200  still  pictures  of  NAL,  as 
well  as  motion  video  taken  from  an 
earlier  NAL  orientation  videotape. 

An  experimental  course  prepared 
by  NAL  staff  uses  this  same  NAL  ori- 
entation disc  to  instruct  in  the 
makeup  and  use  of  the  AGRICOLA 
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database.  The  course  adds  questions 
and  scores  the  student. 

A  videodisc  contains  about  54,000 
frames,  each  of  which  can  contain 
one  still  picture  or  graphic;  one-half 
hour  of  motion  will  occupy  the  entire 
disc.  The  images  (or  text,  as  de- 
scribed later)  are  recorded  on  a  thin, 
metallic  surface  as  pits  burned  in  by 
a  laser  beam.  A  thick  plastic  coating 
covers  the  foil-like  recording  surface, 
making  the  disc  very  durable.  The 
player  reads  light  reflected  from  the 
pits  as  the  disc  spins  at  1,800  revolu- 
tions a  minute.  The  contents  of  the 
videodisc  must  be  indexed  and  re- 
corded so  you  know  what  is  on  the 
disc  and  where  it  is  (i.e.  frame  num- 
ber for  a  still  and  beginning  and  end 
frames  for  motion). 

The  NAL  collecting  policy  is  ex- 
tending to  commercial  videodisc  ma- 
terials such  as  Control  Data  Corpora- 
tion's Feeder  Pig  Production  and 
Management  Course  with  nine  video- 
discs. As  an  example  of  the  material 
on  the  discs,  one  titled  "Baby  Pig 
Management"  shows  farmers  giving 
shots,  docking  tails,  notching  ears, 
and  so  forth  of  pigs  within  7  days  of 
birth.  The  discs  support  textual  mate- 
rials, primarily  the  Pork  Industry 
Handbook  (PIH).  Three  floppy  discs 
provide  games  and  questions  to  as- 
sure that  the  material  has  been 
learned.  A  guidebook  leads  users 
through  the  course. 

NAL  Full  Text  Laser  Discs. 

The  second  computer-laser  disc  sys- 
tem deals  with  text,  in  digitized  form. 
The  system  includes  a  microcomputer 
with  PCIX  operating  system,  a  20 
megabyte  hard  disc,  a  laser  disc 
player,  a  black  box  serving  as  the  in- 
terconnecting device,  a  computer 
monitor,  and  a  video  monitor.  The  12- 
inch  laser  disc  contains  approximately 
2  million  characters  of  text  plus  pic- 
tures, drawings,  and  graphs  from  the 
Pork  Industry  Handbook  (PIH).  It 
contains  200,000  AGRICOLA  records. 


This  type  of  disc  is  capable  of  holding 
800  million  characters  (around 
150,000  single-spaced  typed  pages,  or 
500  books  of  300  pages  each  on  one 
side  of  a  disc).  The  user  is  guided  by 
menus  in  Using  the  system.  Search 
software  stored  on  the  hard  disc 
makes  possible  retrieval  of  all  the  par- 
agraphs containing  any  word,  or  com- 
bination of  words,  in  the  text. 

When  a  search  is  done,  the  first  oc- 
currence of  the  text  matching  the 
search  words  appears  on  the  com- 
puter monitor  and  may  be  printed  out 
on  an  attached  printer,  or  the  next 
occurrence  may  be  requested.  Pic- 
tures or  graphs  accompanying  the 
text  appear  on  the  attached  video 
monitor. 

Because  of  the  large  capacity  of  the 
12-inch  laser  disc,  NAL  is  continuing 
its  investigation  and  use  of  these  sys- 
tems for  storing  and  accessing  full 
text  of  publications.  NAL  is  preparing 
a  second  disc  that  will  contain  the 
full  text  and  pictures  or  graphics  of 
13  USDA  and  State  Extension  Serv- 
ice publications.  Land-grant  univer- 
sity libraries  and  State  Extension 
Service  directors  have  been  asked  to 
participate  in  the  project,  providing 
feedback  on  the  use  and  effectiveness 
of  laser  discs  for  disseminating  agri- 
cultural information.  Hardware  re- 
quired for  this  full  text  disc  system 
and  software  for  system  operation  and 
for  searching  the  text  are:  a  micro- 
computer with  512  kbytes  of  memory 
with  monitor  and  mono-adapter  card; 
a  laser  videodisc  player;  a  controller 
with  interface  card;  monochrome  dis- 
play monitor;  parallel  printer;  and 
search  software. 

The  system  will  work  like  the  ear- 
lier system  described,  providing 
menus  to  guide  users  through  the 
process  of  searching  for  any  word  or 
combination  of  words  in  the  entire 
text  of  any  publication  on  the  disc  to 
find  information  in  the  form  of  text  or 
pictures,  drawings,  or  graphs  con- 
tained there. 


296 


SHARING  NEW  KNOWLEDGE 


Research  for  Tomorrow 


Effects  of  the 
Technology 

The  use  of  these  technologies  is 
changing  the  ways  information  is  pro- 
vided in  the  Library.  Computerized 
databases  are  replacing  printed  index- 
ing and  abstracting  tools  and  data 
compilations  as  sources  for  finding 
information.  The  use  of  computers  for 
electronic  mail,  word  processing,  data- 
base management,  and  spreadsheets 
is  making  faster  and  more  flexible  re- 
ceipt, processing,  and  delivery  of  in- 
formation requests,  services,  and 
products.  The  laser  disc  technology 
offers  unique  advantages  in  education 
and  training  and  for  storage  and  ac- 
cess of  text  and  other  data. 

NAL  continues  to  lead  in  the  devel- 
opment and  applications  of  the  tech- 
nology with  more  projects  under  way 
and  planned. 

AGRICOLA  Instruction 
System 

The  education  disc  system  described 
is  an  early  and  straightforward  appli- 
cation. NAL  has  begun  working  with 
the  University  of  Maryland  (Univer- 
sity College,  Center  for  Instructional 
Development  and  Evaluation)  to  de- 
sign, produce,  and  evaluate  an  inter- 
active course  for  instruction  in  the 
searching  of  the  AGRICOLA  database 
online  or  with  reference  to  a  version 
of  the  database  being  placed  on  CD- 
ROM  (described  later). 

This  course  will  contain  many 
tracks  for  the  user  to  follow  and 
choices  for  the  user  to  make;  text  for 
the  course  will  be  on  computer  floppy 
disc,  with  motion  videos,  still  pic- 
tures, graphics  or  animation  and 
sound  residing  on  a  laser  video  disc 
for  access  by  the  course  as  needed. 
The  system  is  intended  primarily  for 
one-on-one  use,  but  also  may  assist 
an  instructor.  The  advantages  of 
these  computer-laser  disc  courses  are 
the  direct  user  interaction  with  and 


control  of  the  system  and  the  motiva- 
tion and  interest  created  in  the  user 
by  the  use  of  motion  and  still  pictures 
and  graphics. 

The  student  using  this  system 
might  be  an  information  specialist,  an 
extension  worker,  or  a  research  scien- 
tist, and  might  want  only  an  under- 
standing of  what  AGRICOLA  is  and 
what  an  online  database  is,  or  under- 
standing sufficient  to  do  an  indepth 
search.  The  course  might  begin  with 
an  invitation  to  learn  about  AGRI- 
COLA, offering  the  following  options: 
(1)  Explanation  of  the  AGRICOLA 
database,  (2)  brief  instructions  on    , 
searching  the  online  AGRICOLA  data- 
base, (3)  detailed  instructions  for  in^ 
depth  subject  searching  in  the  online 
AGRICOLA  database. 

If  you  key  in  (2),  the  system  then 
might  ask  whether  you  need  to  go 
through  the  protocols  to  access  either 
the  DIALOG  or  BRS  system,  whether 
you  want  instructions  and  samples  of 
searching  by  author,  or  by  title,  or  by 
subject.  Should  you  now  choose  the 
DIALOG  protocols,  the  system  might 
show  in  detail  the  words  to  use  to  get 
into  the  system,  responses  from 
DIALOG,  and  dealing  with  problems 
that  might  come  up.  It  may  run 
through  a  video  of  someone  actually 
using  a  terminal  and  getting  into  the 
DIALOG  system  and  accessing  the 
AGRICOLA  database  (among  the  200 
or  more  in  the  system).  Should  you 
wish  at  any  time  to  go  to  the  next  or 
any  other  part  of  the  course,  you 
would  key  in  the  appropriate  instruc- 
tion to  the  system,  even  in  the  middle 
of  a  lesson.  You  can  tell  the  system  to 
end  at  any  point. 

In  this  way,  the  system  guides  the 
student  through  a  lesson  on  whatever 
aspect  of  searching  the  AGRICOLA 
database  the  student  chooses.  One  of 
the  great  benefits  of  this  system  is 
the  ability  of  the  student  to  look  at 
only  those  parts  of  the  courses  of  in- 
terest, even  limiting  the  search,  if  de- 
sired, to  specifics  such  as  what  AGRI- 
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This  picture  of  woodcutters  at  a  turn-ot-the-century  lumber  camp  in  Montana  is  part  of 
the  Forest  Service  historical  photo  collection  stored  on  a  laser  videodisc  for 
preservation  and  retrieval  at  the  National  Agricultural  Library. 


COLA  category  codes  are,  what  BRS 
is,  and  how  to  search  by  date  of  pub- 
lication. The  student  may,  on  the 
other  hand,  go  through  extensive  les- 
sons such  as  how  to  search  in  the 
DIALOG  online  system  or  how  to  find 
all  there  is  on  a  subject. 


CD-ROM 

Another  high  technology  application 
that  interests  NAL  is  CD-ROM  (Com- 
pact Disc,  Read  Only  Memory),  using 
4%  inch  discs,  the  same  kind  as  au- 
dio compact  discs,  increasingly  popu- 
lar as  media  for  music.  The  full  text 
of  the  AGRICOLA  database  in  digi- 
tized form  will  be  mastered  on  a 
number  of  CD-ROMS.  The  disc 


player  will  be  connected  to  a  com- 
puter, using  software  enabling  re- 
trieval by  any  word  in  the  records. 

The  CD-ROM  has  a  capacity  of 
about  540,000,000  characters.  Players 
are  now  being  produced  that  are 
small  enough  to  fit  in  the  space  occu- 
pied by  a  full-size,  floppy  disc  drive, 
so  the  CD-ROM  player  may  be  well 
situated  right  in  the  computer  itself. 
Some  applications  might  require  sev- 
eral players  (for  accessing  large  data- 
base occupying  several  discs)  or  a 
juke-box-type  mechanism  whereby 
one  of  several  discs  is  automatically 
put  in  the  player  and  then  automati- 
cally removed  and  replaced  with 
another. 

Searching  the  AGRICOLA  database 
on  an  online  system,  such  as 
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DIALOG,  you  may  find  the  system 
down  or  slow,  and  you  have  to  pay  for 
line  use,  for  use  of  the  database,  and 
for  each  citation  brought  up,  whereas 
with  the  laser  disc  system  you  have 
immediate  and  sure  access  with  no 
costs  other  than  for  subscribing  to  the 
database. 

Computerizing  Text 

Another  technology  that  interests 
NAL  concerns  the  manner  of  getting 
information  into  a  format  the  com- 
puter can  read.  A  national  standard  is 
now  being  developed  that  would  es- 
tablish a  standard  format  for  key- 
stroked data  to  be  used  throughout 
the  country.  The  Library  had  to  rekey 
the  Pork  Industry  Handbook  from  the 
printed  version — an  expensive  proc- 
ess. In  creating  a  second  full  text 
disc,  the  Library  will,  at  least  in  sev- 
eral cases,  save  rekeying  by  using  ti- 
tles that  have  already  been  digitized 
and  where  photocomposition  tapes 
are  available. 

The  Smithsonian's  National  Air  and 
Space  Museum  also  is  developing  a 
system  using  similar  technology  with 
impressive  results.  This  system  scans 
the  page  of  printed  text  with  a  cam- 
era, digitizing  the  image  of  the  page. 
From  the  image,  the  words  in  the 
text  itself  are  then  digitized.  The  digi- 
tized text  stores  the  images  and  in- 
dexes on  an  optical  disc.  A  software 
system  provides  access  to  each  word 
of  the  text,  which  can  be  printed  out 
as  wanted. 

NAL  is  investigating  this  system  for 
possible  storage  of  publications  of 
State  Experiment  Stations  and  Exten- 
sion Services,  now  being  microfilmed, 
or  for  preservation  of  publications  in 
the  NAL  collection.  The  advantage  is 
rapid  and  inexpensive  capture  of  the 
text  in  digitized  form,  together  with 
the  usual  optical  disc  characteristics 
of  storage  of  large  numbers  of  publi- 
cations on  one  disc  and  retrieval  by 
any  word  or  words  in  the  text. 


Photo  Collection  on 
Laser  Disc 

NAL  has  acquired  the  Forest  Service 
historical  photo  collection,  the  largest 
in  the  world  on  the  subject  of  for- 
estry. NAL  is  working  with  the  Na- 
tional Archives  and  the  library  of  the 
University  of  Maryland  on  a  pilot 
project  for  putting  54,000  of  the 
500,000  or  more  photos  on  one  side 
of  a  laser  videodisc,  its  capacity.  The 
disc  will  be  indexed  so  that  the  pho- 
tos can  be  accessed  by  subjects. 

To  use  this  system  to  view  photos 
on  lumber  camps  in  the  1890's,  you 
would  sit  at  the  computer,  look  up  a 
topic  such  as  "lumber  camps,"  get  a 
list  of  photos  under  that  topic,  and 
then  automatically  view  them  on  the 
screen.  Each  photo  on  the  disc  is 
nearly  as  clear  as  the  original  print. 
You  avoid  going  through  files  of  pho- 
tos and  handling  the  originals.  When 
you  identify  a  photo  you  really  need 
to  see  in  the  original  print,  you  tell 
the  attendant  who  retrieves  it  for  you. 

Expert  Systems 

Artificial  intelligence  is  another  area 
of  high  interest  and  activity.  It  in- 
cludes robotics,  pattern  recognition, 
games,  computer  vision,  speech  rec- 
ognition and,  the  one  NAL  is  develop- 
ing, expert  systems. 

Expert  systems  are  a  class  of  com- 
puter programs  that  mimic  the  advi- 
sory work  of  human  experts.  NAL  is 
working  on  an  expert  system  that  will 
support  and  complement  the  work  of 
a  reference  librarian,  answering  ques- 
tions, or  guiding  a  user  in  finding  in- 
formation on  a  subject,  either  specific 
data  or  citations. 

The  system  will  guide  you  with 
menus  and  questions,  as  follows: 
from  an  initial  menu  fisting  different 
subjects,  you  might  choose  "drip  irri- 
gation." When  the  system  asks 
whether  you  want  specific  data,  cita- 
tions of  books  and  journals,  fists  of 
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people,  or  lists  of  manufacturers  or  of 
vendors,  you  choose  vendors.  When  it 
asks  "vendors  of  what?"  again  provid- 
ing a  menu,  you  pick  suppliers  of 
equipment.  Then  "what  type  of 
equipment?"  you  choose  supplies  for 
home  gardens;  "in  what  geographic 
area?"  you  pick  the  whole  United 
States.  The  system  then  might  pro- 
vide a  list  of  10  suppliers  in  different 
parts  of  the  country  with  name,  ad- 
dress, product  name,  and  telephone 
number  for  each. 

A  system  is  being  planned  on  the 
subject  of  aquaculture  to  connect  an 
expert  system  to  a  full  text  system. 
The  expert  system  will  lead  the  user 
to  sources  of  data  or  information  on 
aspects  of  aquaculture.  Then  the 
sources  themselves — reference  books, 
articles,  or  reports — will  automatically 
be  accessed  on  the  laser  disc,  and  the 
data  or  text  containing  the  answer  to 
the  specific  questions  will  be  dis- 
played and,  if  desired,  printed  out. 


The  expert  system  also  might  lead 
the  researcher  through  video  se- 
quences from  a  laser  videodisc  to 
which  it  is  connected,  showing 
shrimp  culture  facilities  and  detailed 
photos  of  diseased  shrimp  and  shrimp 
tissue. 

The  technology  now  in  use  and 
being  developed  is  exciting  because  it 
enables  us  to  provide  services  in  ways 
not  even  thought  of  a  few  years  ago. 
With  the  support  and  assistance  of 
users  in  USDA  and  the  rest  of  the  ag- 
ricultural community,  NAL  will  con- 
tinue to  develop  the  most  effective 
means  to  present  information  as 
clearly,  completely,  and  immediately 
as  is  possible. 


Future  integrated 
Systems 

With  systems  made  possible  by  new 
and  continously  developing  technolo- 
gies such  as  computers  and  lasers 
and  intelligent  software,  NAL  intends 
to  increase  its  ability  to  provide  infor- 
mation services  and  products.  With 
an  integrated  system,  the  user  will  be 
able  to  search  the  AGRICOLA  data- 
base through  an  interactive  com- 
puter-laser disc  system,  then,  at  the 
same  location,  perform  searches  on  a 
CD-ROM  system,  and  turn  to  an  ex- 
pert system  to  diagnose  and  resolve 
problems. 

A  researcher,  wishing  to  see  what 
techniques  are  being  used  to  culture 
shrimp  and  the  diseases  involved, 
may  begin  with  an  expert  system  that 
will  lead  to  articles  on  shrimp  culture. 
The  text  of  the  articles  could  be 
found  on  a  connected  CD-ROM  auto- 
matically by  the  expert  system,  and 
displayed  on  a  monitor  or  printed  out. 
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Agricultures 
A  World  of 
Scientific  and 
Professional 
Opportunities 

Dale  Stansbury,  director, 
Agriculture  and  National  Resources 
Programs,  National  Association  of 
State  Universities  and  Land-Grant 
Colleges,  and  Kyle  Jane  Coulter, 
director,  Higher  Education 
Programs,  USDA 

fn  the  face  of  the  current  dilemma 
confronting  U.S.  agriculture,  how 
could  anyone  dare  describe  careers  in 
agriculture  as  a  "world  of  opportu- 
nity?" In  fact,  however,  the  problems 
confronting  U.S.  agriculture  increase 
the  need  for  high  quality  profession- 
als with  vision  to  find  solutions. 

Further,  opportunities  abound  be- 
cause agriculture  is  the  most  critical 
sector  of  our  roughly  $4  trillion  econ- 
omy. The  challenge  to  produce  food 
and  fiber  needed  by  earth's  6  billion 
citizens  is  staggering.  The  challenge 
of  getting  the  food  from  producers  to 
consumers,  who  frequently  are  thou- 
sands of  miles  apart,  also  is  awesome. 

Few  people,  however,  fully  under- 
stand the  breadth  and  complexity  of 
the  U.S.  food  and  agricultural  system, 
nor  are  they  aware  of  the  human  cap- 
ital base  underlying  this  phenome- 
nally successful  system. 

Miracles  Achieved 

U.S.  agriculture  has  achieved  mira- 
cles, producing  the  widest  variety  of 
wholesome  food  at  the  lowest  relative 
cost  for  more  than  230  million  Ameri- 
cans. Furthermore,  it  supplies  $30  to 
$40  billion  of  farm  commodities  for 
shipment  abroad  as  commercial  ex- 


ports and  humanitarian  aid. 

The  greatest  compliment  to  the 
success  of  the  U.S.  agricultural  sys- 
tem is  that  nearly  every  citizen  takes 
for  granted  the  quantity  and  quality 
of  food  produced  by  U.S.  fanners. 
This  is  not  the  case  for  much  of  the 
world,  nor  has  it  been  the  historic 
norm.  There  has  been  a  serious  fam- 
ine somewhere  in  the  world  every 
year  throughout  recorded  history. 
This  dismal  history  led  British  econo- 
mist Thomas  R.  Malthus  to  hypothe- 
size that  the  world's  population 
growth  ultimately  would  outstrip  our 
ability  to  feed  ourselves. 

Not  only  have  our  farmers  refuted 
Malthus'  famous  predictions,  rather 
they  seem  to  have  reversed  his  the- 
ory— our  Nation  is  awash  with  sur- 
plus food.  But  this  abundance  must 
be  put  into  proper  context.  World  food 
stocks  represent  only  a  few  months' 
supply  if  production  were  ended.  The 
ominous  consequences  of  the  alterna- 
tive— shortages — make  these  surplus 
stocks  less  burdensome. 

While  U.S.  agricultural  producers 
are  outstanding,  they,  in  fact,  are  only 
a  pivotal  component  of  a  remarkable 
food  and  agricultural  system — a  sys- 
tem that  affords  a  multiplicity  of  ca- 
reer opportunities  for  college  and  uni- 
versity graduates. 

Farming  and  ranching  are  often 
the  most  visible  parts  of  the  system, 
but  ultimately  account  for  only  about 
one-sixth  of  employment  in  the  food 
and  agricultural  system  which  ac- 
counts for  one-fifth  of  national  em- 
ployment. The  system  is  a  team  ef- 
fort, its  diverse  players  ranging  from 
United  Auto  Workers  in  farm  machin- 
ery plants  to  research  scientists  in 
biotechnology.  If  any  fail,  the  effec- 
tiveness of  all  will  slip. 

Archlike  Nature  of 
Agriculture 

The  U.S.  food  and  agricultural  system 
can  be  depicted  as  an  arch.  The  key- 
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stone  of  the  arch  is  the  producer.  The 
arch  rests  on  two  vital  bases — natural 
resources  (including  climate,  soil,  and 
water)  and  science  and  technology. 
Other  critical  components  include  the 
agricultural  supply  sector  (including 
fertilizer,  chemicals,  and  equipment 
manufacturing),  service  institutions 
(such  as  financial,  insurance,  and 
communications  entities),  marketing 
activities  (transportation,  processing, 
wholesaling,  and  retail  units),  and 
public  service  activities  (market  re- 
porting, grades  and  standards,  and 
weather  information),  all  of  which 
support  the  food  and  agriculture 
system. 

Multiplicity  of  Careers 

While  this  depiction  of  our  food  and 
agricultural  system  is  not  comprehen- 
sive, it  shows  that  agriculture  careers 
extend  far  beyond  farming.  Two  im- 
portant factors  add  to  the  excitement 
of  agricultural  careers. 

First,  agriculture  is  a  biologically 
based  endeavor.  Climate,  diseases, 
and  pests  are  unpredictable  adversar- 
ies that  constantly  threaten  the  sys- 
tem. It  is  an  unending  struggle  to 
keep  ahead  of  a  rather  fickle  Mother 


Nature  who  seems  to  find  ragweeds 
just  as  appealing  as  corn  and  gypsy 
moths  as  important  as  trees. 

Second,  U.S.  agriculture  functions 
in  a  global  market.  The  product  of 
one  out  of  every  three  U.S.  acres  is 
shipped  abroad.  The  weather  condi- 
tions in  Siberia  or  Argentina  as  well 
as  the  trading  policies  of  other  na- 
tions affect  the  U.S.  system.  Further- 
more, the  reverse  is  true.  Italian  pasta 
manufacturers  may  well  be  more  con- 
cerned about  weather  reports  from 
North  Dakota  than  from  Rome. 


Complex,  Challenging 
System 

This  complex,  challenging  system  af- 
fords an  almost  limitless  variety  of  ca- 
reer opportunities  in  natural  re- 
sources management,  food  and  fiber 
production,  science  and  technology, 
business,  education,  and  government. 
Agriculture  needs  the  talents  of  the 
best  professionals  to  meet  old  and 
new  challenges  of  producing  and  de- 
livering food  and  fiber  to  the  world's 
consumers.  It  affords  dynamic,  excit- 
ing opportunities  with  domestic  and 
international  dimensions. 


American  Agriculture — A  Global  Enterprise 


Agriculture:  A  World  of  Scientific  and  Professional  Opportunities 
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Beyond  the 
Farm  Gate: 
An  Abundance 
of  Career 
Opportunities 

Dale  E.  Wolf,  group  vice  president, 
Agricultural  Products,  Du  Pont 
Company,  Wilmington,  DE 


The  American  food  and  agriculture 
system  stands  atop  the  ranks  of 
global  enterprise.  It  is  the  world's 
largest  commercial  industry  with  as- 
sets exceeding  $1  trillion. 

It  accounts  for  20  percent  of  the 
United  States'  gross  national  product. 
And  more  than  23  million  Americans 
are  employed  in  agriculture-related 
jobs — most  of  which  are  beyond  the 
farm  gate. 

This  lofty  status  places  the  Ameri- 
can food  and  agriculture  system,  and 
the  people  who  make  it  work,  at  the 
center  of  international  business  and 
finance.  Agricultural  professionals  are 
making  their  marks  in  such  places  as 
the  brokerage  houses  and  investment 
banks  of  Wall  Street,  international 
trading  companies,  Madison  Avenue 
advertising  agencies,  and  the  board 
rooms  of  national  and  international 
corporations — as  corporate  executives, 
managers,  financial  and  commodity 
analysts,  and  sales  and  marketing 
representatives. 

Many  food  and  agricultural  special- 
ists also  are  at  the  vanguard  of  sci- 
ence and  technology.  They  are  devel- 
oping and  using  new  techniques  to 
improve  the  productivity  and  cost  effi- 
ciency of  American  farmers  and  to 
enhance  their  ability  to  compete  in 
the  world  marketplace.  Likewise,  new 
and  better  food  products  are  being 
developed  continously  to  enhance 


consumer  welfare  and  satisfaction. 

The  globalization  of  American  agri- 
culture has  important  implications  for 
students  in  the  food  and  agricultural 
sciences.  Few,  if  any,  agriculture- 
related  businesses,  whether  they  are 
financial,  manufacturing,  service  or 
processing,  can  ignore  international 
business  issues  today.  No  other  in- 
dustry compares  with  agriculture  in 
terms  of  diversity  of  career  opportuni- 
ties at  home  or  abroad.  And  no  other 
industry  offers  a  broader,  more  com- 
plex array  of  challenges  to  the  best 
and  the  brightest  seeking  involve- 
ment in  key  domestic  and  world 
issues. 

The  Ultimate  Challenge 

Tomorrow's  agricultural  scientist,  in 
either  the  private  or  public  sectors, 
faces  the  ultimate  challenge — helping 
to  feed  a  world  population  expected  to 
grow  by  80  to  90  million  people  an- 
nually through  the  end  of  the 
century. 

Already  the  pace  of  scientific  inno- 
vation is  accelerating  to  meet  this 
challenge.  Today,  new,  highly  effec- 
tive, environmentally  safe  crop  pro- 
tection products,  applied  at  fractions 
of  an  ounce  per  acre,  are  replacing 
those  which  were  applied  at  pounds 
per  acre.  And,  as  significant  as  this 
breakthrough  is,  it  is  a  mere  harbin- 
ger of  what  is  to  follow.  Every  major 
corporation  that  manufactures  or 
processes  agricultural  products  has  a 
significant  research  effort  that  ex- 
tends from  the  most  basic  to  the 
applied. 

In  decades  to  come,  biotechnology 
and  genetic  engineering  will  be  used 
to  develop  herbicide-resistant  plants. 
The  livestock  industry  will  use  em- 
bryo transfer  techniques  to  produce 
more  productive  animals.  Crop  phys- 
iologists will  work  with  fruit  and  veg- 
etable growers  to  improve  yields 
through  the  use  of  plant  growth  regu- 
lators. And  computer  experts  will  de- 
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Increasingly  sophisticated  communications  techniques  have  created  a  demand  for 
advertising  and  public  relations  professionals  with  backgrounds  in  the  food  and 
agricultural  sciences. 


velop  models  to  predict  and  monitor 
yield-limiting  soil  erosion  and  reduce 
production  costs. 

Diverse  Opportunities 

Bright  career  opportunities  in  agricul- 
ture are  by  no  means  limited  to  the 
laboratory.  A  study  conducted  by  the 
U.S.  Department  of  Agriculture  in 
1986  revealed  that  of  the  49,000  an- 
nual employment  opportunities  for 
college  graduates  in  the  food  and  ag- 
ricultural sciences,  32  percent  are  in 
the  marketing,  merchandising,  and 
sales  sector.  Included  in  this  category 
are  landscape  contractors,  marketing 
specialists,  and  sales  representatives. 
Research  and  development  openings 
for  scientists,  engineers  and  techni- 
cians account  for  28  percent  of  the 
openings,  while  14  percent  of  the 
projected  positions  are  for  managers 
and  financial  specialists.  Overall, 
nearly  three  fourths  of  the  opportuni- 
ties are  expected  to  be  in  the  agri- 


business components  of  the  food  and 
agricultural  system.  The  study  also 
revealed  significant  career  opportuni- 
ties in  farm  management,  agricultural 
economics,  international  trade,  agri- 
cultural engineering,  communica- 
tions, education,  and  many  more 
occupations. 

More  Good  People 
Needed 

Despite  these  excellent  employment 
opportunities,  there  is  a  need  for 
more  college  graduates  in  the  food 
and  agricultural  sciences.  The  1986 
US  DA  study  all  too  accurately  pre- 
dicted that  the  annual  average  de- 
mand for  college  graduates  in  the 
food  and  agricultural  sciences  will  ex- 
ceed the  available  supply  by  10  per- 
cent through  1990.  In  several  areas, 
the  shortfalls  are  more  severe. 

For  example,  the  annual  demand 
for  marketing,  merchandising,  and 
sales  representatives  exceeds  the  sup- 


Beyond  the  Farm  Gate:  An  Abundance  of  Career  Opportunities 


305 


Research  for  Tomorrow 


ply  by  17  percent.  Demand  for  scien- 
tists, engineers,  and  related  special- 
ists and  for  managers  and  financial 
specialists  also  exceeds  the  supply  by 
16  percent. 

Best  of  All  Worlds 

As  a  result,  those  seeking  careers  in 
agriculture  have  the  best  of  all  possi- 
ble worlds.  Not  only  does  agribusi- 
ness offer  careers  that  are  challeng- 
ing and  rewarding,  but,  in  many 
areas,  there  are  more  opportunities 
than  there  are  qualified  individuals. 

Philosopher  Francis  Bacon  once 
said,"  A  wise  man  will  make  more  op- 
portunities than  he  finds,"  As  we  ap- 
proach the  21st  century,  his  words 
ring  true  for  students  of  the  food  and 
agricultural  sciences.  Their  opportun- 
ities are  limited  only  by  their  ability  to 
create  them. 


Scientists  and 


On  The  Job 

Stanley  C.  Ernst,  associate 
Extension  editor,  Agriculture, 
Office  of  Information,  and  Applied 
Communications,  and  Kenneth  W. 
Reisch,  associate  dean,  College  of 
Agriculture,  The  Ohio  State 
University,  Columbus 


The  old  gray  mare  might  not  be 
what  she  used  to  be,  but  neither 
is  the  college  student  studying  her.  In 
fact,  students  in  agricultural  colleges 
are  much  different  than  in  the  early 
days  of  the  Nation's  land-grant  sys- 
tem. Where  once  colleges  of  agricul- 
ture trained  students  to  be  farmers 
and  home  economics  teachers,  today's 
students  are  being  educated  to  go 
new  places  and  do  things  many  peo- 
ple would  never  think  go  along  with  a 
degree  in  agriculture.  Agriculture 
programs  at  the  Nation's  land-grant 
universities  are  graduating  food  sci- 
entists, marketing  specialists  and 
economists,  as  well  as  providing  an 
excellent  foundation  for  degrees  lead- 
ing to  jobs  as  lawyers,  medical  doc- 
tors, editors,  teachers,  and  a  host  of 
other  professions. 

A  recent  survey  of  agricultural  col- 
leges in  the  Midwest  showed  barely 
10  percent  of  those  schools'  graduates 
going  into  farming  or  professional 
farm  management.  Over  28  percent 
of  the  graduates  entered  some  form  of 
agribusiness,  13  percent  went  into 
another  industry,  and  nearly  14  per- 
cent entered  graduate  or  advanced 
professional  studies. 

The  advanced  scientific  training 
available  through  agricultural  colleges 
is  just  one  reason  those  who  use  agri- 
cultural colleges  as  a  springboard  into 
other  areas  took  a  non traditional  route 
to  their  career.  Some  of  these  people 
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Barbara  S.  Durrani,  San  Diego  Zoo's  reproductive  physiologist,  works  to  increase 
populations  of  endangered  species  like  the  South  African  cheetah. 


come  from  the  traditional  farm  back- 
ground and  want  to  move  into  other 
fields.  Other  students  have  no  rela- 
tionship at  all  to  farming  but  find  ag- 
riculture is  the  career  they  want  to 
pursue.  And  still  more  find  that  an 
agricultural  degree  is  a  great  stepping 
stone  into  unique  careers. 

Take  Barbara  Durrant  for  instance. 
While  many  of  her  peers  at  North 
Carolina  State  University  were  con- 
tent with  studying  pigs  and  cattle, 
she  had  other  plans  for  her  expertise 
in  reproductive  physiology. 

"I  never  wanted  to  spend  my  life 
producing  domestic  animals  strictly 
for  slaughter,"  she  says.  "I  went  into 
animal  science  to  get  a  good  overall 
basis  and  physiological  training  with 
the  thought  of  applying  my  skills  to 
endangered  species." 


Everything  from  antelopes  to  ze- 
bras are  part  of  Durrant's  "herd."  As 
the  San  Diego  Zoo's  reproductive 
physiologist,  she  is  working  in  a  field 
that  is  both  challenging  and  some- 
times frightening.  Unlike  traditional 
livestock  studies,  zoo  researchers  may 
have  only  one  or  two  individuals  of  a 
specie  to  work  with.  This  requires 
greater  caution  in  research,  she  says, 
and  there  is  little  chance  to  gather  re- 
sults from  large  groups  and  often  no 
prior  work  to  base  her  studies  on. 

When  she  left  North  Carolina  State 
in  1979  with  a  Ph.D.  in  Animal  Sci- 
ence, Durrant  had  most  of  her  experi- 
ence with  domestic  animals.  Today, 
she  may  be  working  with  exotic  birds, 
tomorrow  it  might  be  peccaries,  a  rel- 
ative of  the  domestic  hog.  Her  tradi- 
tional training  has  paid  off  for  the  ex- 
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otic  species  for  which  she  is  now 
responsible. 

"I'm  seeing  that  embryo  transfer  is 
not  the  savior  of  endangered  species 
that  we  once  thought  it  could  be. 
Going  to  my  background  in  animal 
science  I  know  the  primary  genetic 
improvement  method  hasn't  been  em- 
bryo transfer  but  artificial  insemina- 
tion. I'm  finding  that  to  be  the  same 
with  the  more  exotic  animals." 

Is  there  room  in  the  zoo  business 
for  more  Barbara  Durrant's?  Cur- 
rently, she  says,  only  three  zoos — San 
Diego,  Washington,  D.C.  and  Cincin- 
nati— have  full-time  reproductive 
physiologists  on  their  staffs.  That 
should  change.  More  and  more  zoos 
are  recognizing  the  need  for  larger 
research  groups  and  that  should 
mean  more  openings  for  physiologists 
and  other  specialists  in  the  field. 

"I  don't  think  most  agricultural 
schools  or  animal  science  students 
think  much  about  the  exotic  animals 
as  a  profession,"  Durrant  said.  "But 
it's  something  more  and  more  of 
them  need  to  consider.  Virology,  en- 
docrinology, genetics,  nutrition,  phys- 
iology and  animal  behavioral  sciences 
are  all  areas  where  we  need  special- 
ists, and  animal  science  is  a  good 
background.  True,  there  aren't  all 
that  many  jobs  in  zoos  right  now,  but 
I  think  that  as  administrators  con- 
tinue to  recognize  the  need  for  good 
research,  we're  going  to  see  more  op- 
portunities opening  up." 

Sometimes  things  don't  turn  out 
the  way  they  were  intended  to.  Ste- 
ven Gerdes  intended  to  get  his  B.S.  in 
agriculture  and  specialize  in  finance. 
Somewhere  along  the  way  the  Wal- 
nut, Illinois  farmboy  took  an  entrance 
exam  for  law  school.  Now  Gerdes 
specializes  in  federal  income  taxation, 
particularly  as  it  applies  to  municipal 
finance,  for  Vinson  &  Elkins — a  law 
firm  of  more  than  400  attorneys  in 
Houston,  Texas. 

"I  hadn't  really  thought  about  law, 
but  for  some  reason,  the  accounting 


program  at  the  University  of  Illinois 
was  full  of  pre-law  students,"  Gerdes 
says.  "I  was  taking  all  these  account- 
ing courses  to  pass  a  CPA  exam  and 
started  thinking  about  law  from  being 
surrounded  by  those  people.  I  finally 
said,  'OK,  I'll  take  the  entrance  ex- 
ams for  law  school,  and  if  I  can  get 
into  a  good  one,  I'll  do  it.' " 

After  graduating  with  highest  hon- 
ors from  Illinois  in  May  1977,  Gerdes 
entered  Harvard  Law  School  and  re- 
ceived his  J.D.  degree  in  May  1980. 
He  says  he  was  probably  the  only  stu- 
dent in  the  Harvard  Law  School  at 
the  time  with  a  degree  in  agriculture. 

Gerdes'  roots  were  still  on  his  mind 
after  law  school,  but  Vinson  &  Elkins 
offered  a  different  opportunity  from 
the  firms  he  interviewed  that  had  ag- 
ricultural specialties.  In  short,  the 
Houston  firm  offered  what  he  saw  as 
a  once-in-a-lifetime  chance. 

"This  position  provided  me  an  op- 
portunity to  do  something  I  won't  be 
able  to  do  again.  I  ended  up  here  be- 
cause I  wanted  to  try  it.  This  is  a  very 
specialized  firm,  and  municipal  fi- 
nance is  the  specialty  they've  as- 
signed me  here.  While  it  doesn't  deal 
with  agriculture  all  that  often,  occa- 
sionally I  have  something  involving  a 
grain  elevator  or  agribusiness  and  at 
least  I  know  what  they're  talking 
about." 

In  some  parts  of  the  country,  agri- 
cultural law  is  a  big  interest,  and 
some  college  students  today  may  take 
that  route,  Gerdes  says.  But  lawyers 
always  have  options.  Legal  principles 
are  basically  the  same  whether  they 
concern  municipal  finance  or  farm 
foreclosure,  he  says. 

The  key  for  prospective  law  stu- 
dents is  the  education  they  receive. 
Gerdes  says  his  degree  in  agriculture 
prepared  him  for  law  school.  But  get- 
ting locked  into  a  career-oriented 
mindset,  first  with  accounting  and 
later  law,  may  have  kept  him  from 
making  the  most  of  his  opportunities. 

"In  an  agriculture  major,  you  often 


308 


CAREERS  IN  AGRICULTURE  AND  BEYOND 


Research  for  Tomorrow 


have  a  lot  of  electives  that  enable  you 
to  diversify.  I  think  I  fell  victim  to  the 
philosophy  that  if  you  can't  use  it  on 
the  job,  you  don't  need  it.  Students 
should  go  ahead  and  broaden  their 
horizons — take  a  classical  literature 
course  or  some  art  history  or  what- 
ever. Those  are  the  kind  of  things  you 
won't  have  time  to  do  later  that  you 
have  the  opportunity  to  benefit  from 
in  college,  and  who  knows  when  they 
might  come  in  handy." 

Some  people  with  degrees  in  agri- 
culture or  home  economics  have  had 
diverse  educational  experiences, 
many  times  caused  by  a  change  in 
plans. 

Cassie  Murphy-Cullen  had  bache- 
lor's and  master's  degrees  in  political 
science  and  was  teaching  the  subject 
at  Texas  Tech  University  while  pre- 
paring for  law  school  in  the  mid- 
1970's.  A  personal  tragedy  made  her 
think  about  how  families  interact 
with  the  medical  system,  and  she 
found  a  course  in  Texas  Tech's  De- 
partment of  Home  and  Family  Life 
that  appeared  helpful.  That'course's 
focus  on  family  behavior  in  crisis 
times  changed  her  career  focus,  she 
says. 

Murphy-Cullen  completed  a  Ph.D. 
program  in  family  relations  at  Texas 
Tech  in  1979,  specializing  in  family 
interaction  and  family  intervention 
with  minor  work  in  child  develop- 
ment and  medical  sociology.  She  is 
now  part  of  the  Department  of  Family 
Practice  and  Community  Medicine  at 
the  University  of  Texas  Southwestern 
Medical  School  in  Dallas. 

"I  feel  very  secure  in  my  educa- 
tional background  and  its  relevancy  to 
a  post-graduate  residency  training 
program,"  she  says.  "I  go  on  daily 
rounds  with  the  residents  to  see  their 
in-hospital  patients  and  am  available 
the  rest  of  the  day  to  discuss  patient 
care  and  personal  concerns  with  the 
residents  working  in  the  family  prac- 
tice center.  If  you  help  the  physician 
and  care  about  how  he  or  she  is  re- 


acting, assistance  to  the  patient  and 
family  is  more  effective.  I  observe  not 
only  from  the  perspective  of  how  they 
(the  physicians)  are  doing  with  their 
patients,  but  how  they  are  doing,  in 
general,  as  human  beings  in  terms  of 
taking  care  of  themselves  and  their 
families." 

William  Richards  says  he  graduated 
in  1953  from  Ohio  State  with  a  good 
education  in  agricultural  economics 
and  little  practical  knowledge  of  farm- 
ing. But  graduate  school  could  wait. 
He  found  a  farm,  jumped  on  the 
then-innovative  concept  of  minimum- 
tillage  cropping  and  kept  going. 

Bill  Richards  is  more  than  a  farmer. 
The  7,000  acres  cropped  by  Richards 
Farms,  Inc.  in  1986  are  slightly  less 
than  past  years,  but  the  agricultural 
economy  makes  other  farm  ventures 
more  practical,  he  says.  Marketing, 
consulting  and  custom  farming  for 
others  are  just  part  of  the  future  for 
the  Circleville,  Ohio  operation. 

"The  financial  management  and  or- 
ganization of  the  family  farm  is  going 
to  be  the  innovation  it's  going  to  take 
to  survive  in  the  near  future,"  Bill 
Richards  says.  "We're  changing,  re- 
trenching our  position,  farmers  will 
have  to  operate  much  differently  in 
the  future  to  stay  competitive." 

Competitive  advantage  comes  from 
innovation,  and  the  Premium  Ag 
Commodities  cooperative  is  one  way 
Richards  achieves  both.  Several  years 
ago,  he  pulled  together  10  of  his 
area's  larger  farmers  to  form  the  pri- 
vate co-op.  Individually,  these  farmers 
had  some  bargaining  power.  Collec- 
tively, he  says,  they  can  do  much  bet- 
ter when  buying  or  selling  products. 
And,  although  a  few  more  members 
have  been  added,  the  organization  is 
still  small  enough  that  each  member 
serves  on  the  board  of  directors  and 
the  cooperative  can  cater  to  individual 
needs. 

Richards  also  promotes  farmers  not 
owning  their  own  land.  He  rents  land 
from  investors  from  as  far  away  as 
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England.  He  sees  more  and  more 
farmers  looking  for  outside  investors 
for  land  and  machinery  in  the  future. 

"Let  the  long-term  investor  own  the 
land,"  he  says.  "Farmers  need  control, 
not  ownership.  Take  inflation  out  and 
land  is  not  profitable  for  the  farmer. 
He  cannot  afford  it.  The  operating 
farmer,  to  obtain  the  scale  of  opera- 
tion he  needs,  just  can't  put  that  farm 
base  together  with  net  income  if  he 
tries  to  own  that  land." 

Thoughts  like  this  are  not  always 
well-received  in  the  farm  sector  but 
make  Richards  a  popular  speaker. 
He's  been  on  panels  at  the  Harvard 
Business  School,  Agri-Business  Exec- 
utive Education  Program  and  Ameri- 


A.  Elizabeth  Sloan,  Editor-in-Chief  of 
McCall's,  reviews  slides  for  publication 
with  the  magazine's  art  director. 


can  Agricultural  Law  Association 
Conference,  been  part  of  a  special  re- 
port on  CBS-TV's  "60  Minutes,"  spo- 
ken at  the  National  Public  Policy  Ed- 
ucation Conference,  and  in  1976  was 
the  first  farmer  ever  to  speak  at  the 
USDA  Outlook  Conference  in  Wash- 
ington, D.C.  And  he  regularly  returns 
to  Ohio  State  as  a  visiting  instructor 
in  agricultural  economics. 

"Basically,  we  take  university  re- 
search and  adjust  things  to  work  for 
us,"  Richards  says  of  his  farm's  suc- 
cess. All  three  of  his  sons  have 
studied  agriculture  at  Midwestern 
universities  and  contribute  their 
knowledge  to  the  Richards'  enter- 
prises. Staying  on  top  of  the  markets, 
looking  for  the  best  possible  financing 
and  arranging  for  outside  investors 
are  all  part  of  the  plan.  And  keeping 
up  with  the  latest  research  and  devel- 
opments made  by  agricultural  col- 
leges is  important  too,  he  says. 

"Waiting  12  years  to  go  to  graduate 
school  made  it  much  more  valuable," 
Richards  says.  "I  knew  more  about 
the  business  and  was  able  to  get  what 
I  needed  for  our  operation  out  of  it." 

"Business" — that's  how  Bill  Rich- 
ards looks  at  farming.  Instead  of  rid- 
ing a  tractor  or  driving  to  town  for 
machinery  parts,  the  Ohio  business- 
man is  more  likely  to  be  studying  fu- 
tures markets  or  talking  to  a  group  of 
financial  specialists  about  the  agricul- 
tural economy.  He  says  he's  always 
learning.  He's  teaching,  too. 

Many  people  attribute  their  first  job 
to  being  in  the  right  place  at  the  right 
time.  But  for  Elizabeth  Sloan,  it  was 
more  a  case  of  being  in  the  right 
place  in  the  right  era. 

Sloan,  editor-in-chief  of  McCall's 
magazine  and  vice  president  of  the 
McCall's  Corporation,  had  the  skills  to 
capitalize  on  the  1970's  "consumer 
revolution."  When  she  earned  her 
Ph.D.  in  1976,  there  was  much  mis- 
understanding about  the  safety  of  the 
Nation's  food  supply,  she  says.  By 
then,  the  New  Jersey  native  had  de- 
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cided  to  do  something  new — explain 
to  the  public  the  scientific  facts  of 
food  safety.  No  one  with  her  back- 
ground had  tried  this  area  before,  but 
it  was  something  she  felt  needed  to 
be  done.  It  was  almost  like  a  social 
reform,  a  changing  of  misconcep- 
tions. 

"I  guess  I  was  really  the  first  one 
with  any  training  in  this  area,"  Sloan 
says.  "Now  I'm  running  around  the 
country  trying  to  get  schools  to  go 
along  with  the  major  companies  who 
are  looking  for  people  to  bridge  the 
communications  and  scientific  gap. 
There's  a  growing  need  for  people 
with  technical  knowledge  and  practi- 
cal communications  skills." 

Sloan  is  a  1973  honors  graduate  of 
Rutgers  University  in  New  Jersey 
with  a  B.S.  in  food  science.  She 
earned  a  Ph.D.  in  1976  from  the  Uni- 
versity of  Minnesota  in  food  science 
with  a  minor  in  communications  and 
journalism.  With  that  background  she 
was  able  to  take  a  product,  test  it,  and 
let  the  public  know  what  the  results 
were.  Before  going  to  McCall's,  Sloan 
did  educational  projects  in  food  safety 
and  nutrition  for  General  Mills,  edited 
food  magazines,  put  together  special 
features  for  all  types  of  media  and 
tested  products  to  receive  the  Good 
Housekeeping  Seal  of  Approval. 

"The  marketplace  is  becoming 
more  and  more  technical,"  Sloan  says. 
"People  are  demanding  more  informa- 
tion, and  they  know  more  about  top- 
ics like  food  safety  and  nutrition. 
Let's  face  it — the  agriculture  areas 
are  the  backbone  of  everything. 
They're  the  life  areas. 

"The  best  thing  about  an  education 
in  agriculture  is  you  get  into  the  very 
logical,  scientific  way  of  thinking," 
she  adds.  "Once  you  can  think  that 
way,  it's  a  matter  of  being  able  to  tell 
others.  So,  this  type  work  is  much 
more  than  communications  or  jour- 
nalism— it's  conveying  scientific 
research." 

"Universities  must  stress  that  our 


greatest  enemy  is  inertia — the  tend- 
ency to  keep  moving  in  the  same  di- 
rection we  always  have,"  says  Rich 
Feltes.  "That  may  be  part  of  the  prob- 
lem in  the  farm  sector  right  now.  We 
must  look  ahead  to  change  and  adapt 
to  change.  If  you  can't  adapt  to 
change,  you're  in  trouble.  If  you're  an 
inertia  person,  you  are  in  trouble. 

Richard  J.  Feltes  is  vice  president, 
director  of  commodity  research  for 
Refco,  Inc.,  in  Chicago.  He  believes 
the  time  is  right  for  young  people  in 
agriculture.  And  production,  accord- 
ing to  the  1970  University  of  Illinois 
graduate,  may  be  the  best  bet.  Some- 
one who  is  sharp  and  gets  ahead  in 
production  agriculture's  new  empha- 
sis on  marketing  should  do  well  in  an 
industry  currently  experiencing  a  ma- 
jor shakeout.  He  says  success  in  pro- 
duction agriculture  requires  knowl- 
edge, discipline,  courage,  money,  and 
the  energy  to  merge  them  properly. 
But  if  farming  does  not  attract  agri- 
cultural graduates,  there  are  many 
career  opportunities  in  marketing  and 
processing. 

Feltes  grew  up  on  a  farm  that  now 
includes  the  largest  roadside  market 
in  DuPage  County,  Illinois.  Rich  con- 
tracted polio  as  a  child  but  was  quite 
active  in  wheelchair  sports  through- 
out his  college  career  at  Illinois.  In 
fact,  he  set  a  world  record  for  the 
mile  as  a  senior  in  1970  that  stood  for 
4  years.  Feltes  also  earned  an  MBA 
from  Southern  Illinois  University  in 
December  of  1972  before  joining 
Continental  Grain  Company  as  a  cash 
grain  merchandiser. 

Feltes  coordinates  commodity  re- 
search and  price  forecasting  in  agri- 
cultural and  financial  markets  for 
Refco,  Inc.,  the  world's  largest  fu- 
tures commission  merchant.  He  also 
is  specifically  responsible  for  the 
grain  and  oilseed  price  forecasting  de- 
livered daily  and  weekly  to  Refco's 
domestic  and  international  offices. 
Continental  Grain's  crop  research  de- 
partment, where  Feltes  developed 
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monthly  crop  production  forecasts  for 
North  and  South  America,  provided 
an  ideal  springboard  for  his  leap  into 
the  fast-paced  commodity  futures 
business. 

Feltes  thinks  his  agricultural  edu- 
cation prepared  him  well  for  a  career 
in  commodity  market  analysis.  Stu- 
dents need  to  pay  more  attention  to 
specific  skills  if  they  want  to  succeed 
in  agribusiness,  he  says. 

"There's  a  real  demand  for  people 
who  are  articulate  and  understand 
marketing,"  Feltes  says.  "Graduates 
need  to  understand  the  financial  mar- 
kets.— futures,  stocks  and  bonds. 
Their  importance  grows  every  day. 
Communication  skills — the  ability  to 
sell  yourself  and  your  ideas — are  cru- 
cially important  as  one  must  know 
how  to  sort  out  what  works  (cash 
flows)  and  what  doesn't.  Above  all, 
however,  one  must  try.  It's  better  to 
try  and  fail  then  not  try  at  all.  Fail- 
ures must  be  viewed  as  stepping 
stones  to  success." 

Every  once  in  a  while,  someone 
takes  their  production  agriculture 
classes  literally.  For  example,  a  self- 
proclaimed  "city  slicker"  who  had 
spent  more  time  in  ballet  class  than 
barnyards  became  a  hog  farmer  a  few 
years  ago. 

In  fact,  Julia  Ford  Fanjoy  went  into 
agriculture  "whole  hog."  The  27-year- 
old  from  Hickory,  North  Carolina  now 
operates  her  own  310-sow  farrow-to- 
feeder  hog  operation. 

And  while  hired  help  handles  much 
of  her  farm's  daily  activity,  the  1981 
graduate  of  North  Carolina  State  Uni- 
versity also  works  as  part  of  the  field 
staff  for  Murphy  Farms.  Murphy's  is 
the  Nation's  third  largest  hog  proc- 
essing firm,  with  nearly  30  farms 
throughout  the  Carolinas,  including 
Fanjoy's,  under  contract.  Fanjoy 
started  her  career  in  the  swine  indus- 
try as  Murphy  Farms'  first  female 
manager  after  graduating  from  North 
Carolina  State. 

"I'm  a  city  slicker,"  she  confesses. 


"I  grew  up  in  the  streets  of  Hickory 
which  is  a  city  of  about  65,000.  I've 
always  enjoyed  animals  and  known  I 
wanted  to  work  with  them  since  I 
was  very  young.  I  had  cats  and  dogs 
and  rode  horses  and  liked  working 
with  the  veterinarian.  I  never  thought 
it  would  be  hogs,  though." 

"I  stayed  in  school  an  extra  year  to 
get  the  second  degree  in  poultry  sci- 
ence because  I  was  discouraged 
when  I  saw  most  people  with  animal 
science  degrees  getting  jobs  back  on 
their  family  farm.  I  didn't  have  one  (a 
farm)  so  I  thought  I  could  find  some- 
thing in  the  poultry  industry — mar- 
keting or  processing.  Look  where  I 
ended  up." 

Where  Julia  Fanjoy  ended  up  was 
the  White  House  and  on  NBC-TV's 
"Today  Show."  As  one  of  Glamour 
Magazine's  "Outstanding  Young 
Working  Women  of  1986,"  she  be- 
came a  bit  of  a  national  celebrity.  And 
her  secret,  the  fact  that  she  was  a 
city  girl,  was  revealed  to  her  Murphy 
Farms  co-workers. 

Not  having  a  farm  background 
shouldn't  discourage  young  people 
from  studying  agriculture,  Fanjoy 
says.  It  may  mean  you  have  to  work  a 
little  harder  to  understand  the  practi- 
cal side  of  the  classroom  instruction, 
but  the  important  thing  is  doing  what 
you  feel  comfortable  with. 

"Actually,  my  background,  or  lack 
of  farm  background,  was  an  advan- 
tage when  I  came  to  Murphy's.  A  lot 
of  people  come  from  a  family  farm, 
then  get  4  more  years  of  college 
training  and  go  out  thinking  they 
know  how  everything  is.  I  really  had 
no  preconceived  ideas  about  this  end 
of  agriculture.  I  really  have  to  be 
humble  and  just  keep  learning." 

Can  a  person  with  no  family  ties  to 
farming  be  attracted  to  an  industry 
where  financial  failure  and  little  profit 
seem  to  be  the  big  news?  Obviously 
Fanjoy  was,  and  she  thinks  other 
young  people  should  take  another 
look  at  agriculture,  regardless  of  their 
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background. 

"Young  people  looking  for  a  career 
and  saying,  'Yuck,  look  at  the  farm 
economy'  should  look  again.  Agricul- 
ture is  still  a  very  possible  career  and 
can  be  a  very  lucrative  one,"  she  says. 
"It  certainly  is  challenging,  and  no 
two  days  are  alike.  One  day  I  might 
be  called  on  to  do  some  veterinary 
work,  and  the  next  it'll  be  computer 
analysis.  It  keeps  changing." 

Some  have  found  a  career  in  agri- 
culture and  others  have  used  their 
degree  as  a  springboard  to  other 
fields.  Their  tides  may  be  doctor,  law- 
yer, marketer  or  editor,  but  they  are 
"today's  aggie."  Today's  education  in 
agriculture  is  a  stepping  stone  into 
many  fields. 


"Aggies" 

Stanley  C.  Ernst,  associate 
Extension  editor,  Agriculture, 
Office  of  Information  and  Applied 
Communications,  and  Kenneth  W. 
Reisch,  associate  dean,  College  of 
Agriculture,  The  Ohio  State 
University,  Columbus 

M  griculture  students  of  the  1980's 
^•aren't  the  stereotypic  "aggies"  of 
the  past.  Farming,  for  the  most  part, 
is  not  the  vocation  they  are  studying. 
More  of  these  students  are  using 
their  degrees  to  enter  fields  not  usu- 
ally associated  with  agriculture.  And 
today's  students  are  more  often  the 
cream  of  the  crop.  Agriculture  at- 
tracts top  high  school  scholars,  lead- 
ership award  winners,  students  who 
aspire  to  medical  degrees,  and  indi- 
viduals from  many  different  walks  of 
life. 

Amelia  and  Mark  Besola  are  an  an- 
swer to  any  argument  that  agriculture 
does  not  attract  the  top  students.  This 
brother  and  sister  were  both  among 
the  State  of  Washington's  top  high 
school  scholars  and  consequently 
named  Freshmen  of  the  Year  at 
Washington  State  University  (WSU). 

Amy  Besola  is  described  by  her  ad- 
visers as  "an  outstanding  intellect  and 
leader  who  is  at  ease  as  a  woman  in  a 
nontraditional  setting  and  maintains 
excellent  relationships  with  peers, 
faculty  and  staff."  She  was  one  of  two 
students  in  her  State  to  receive  a 
Century  Three  Leadership  Scholar- 
ship and  holds  both  a  Washington 
State  Merit  Scholarship  and  a  Seattle 
First  Merit  Scholarship.  The  WSU 
junior  is  simultaneously  enrolled  in 
the  College  of  Veterinary  Medicine 
and  as  a  general  agriculture  major  in 
the  College  of  Agriculture  and  Home 
Economics. 

Miss  Besola's  accomplishments  as 
an  active  student  include  reaching 
the  highest  levels  of  distinction  in  Al- 
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background. 

"Young  people  looking  for  a  career 
and  saying,  'Yuck,  look  at  the  farm 
economy'  should  look  again.  Agricul- 
ture is  still  a  very  possible  career  and 
can  be  a  very  lucrative  one,"  she  says. 
"It  certainly  is  challenging,  and  no 
two  days  are  alike.  One  day  I  might 
be  called  on  to  do  some  veterinary 
work,  and  the  next  it'll  be  computer 
analysis.  It  keeps  changing." 

Some  have  found  a  career  in  agri- 
culture and  others  have  used  their 
degree  as  a  springboard  to  other 
fields.  Their  tides  may  be  doctor,  law- 
yer, marketer  or  editor,  but  they  are 
"today's  aggie."  Today's  education  in 
agriculture  is  a  stepping  stone  into 
many  fields. 


"Aggies" 

Stanley  C.  Ernst,  associate 
Extension  editor,  Agriculture, 
Office  of  Information  and  Applied 
Communications,  and  Kenneth  W. 
Reisch,  associate  dean,  College  of 
Agriculture,  The  Ohio  State 
University,  Columbus 

M  griculture  students  of  the  1980's 
^•aren't  the  stereotypic  "aggies"  of 
the  past.  Farming,  for  the  most  part, 
is  not  the  vocation  they  are  studying. 
More  of  these  students  are  using 
their  degrees  to  enter  fields  not  usu- 
ally associated  with  agriculture.  And 
today's  students  are  more  often  the 
cream  of  the  crop.  Agriculture  at- 
tracts top  high  school  scholars,  lead- 
ership award  winners,  students  who 
aspire  to  medical  degrees,  and  indi- 
viduals from  many  different  walks  of 
life. 

Amelia  and  Mark  Besola  are  an  an- 
swer to  any  argument  that  agriculture 
does  not  attract  the  top  students.  This 
brother  and  sister  were  both  among 
the  State  of  Washington's  top  high 
school  scholars  and  consequently 
named  Freshmen  of  the  Year  at 
Washington  State  University  (WSU). 

Amy  Besola  is  described  by  her  ad- 
visers as  "an  outstanding  intellect  and 
leader  who  is  at  ease  as  a  woman  in  a 
nontraditional  setting  and  maintains 
excellent  relationships  with  peers, 
faculty  and  staff."  She  was  one  of  two 
students  in  her  State  to  receive  a 
Century  Three  Leadership  Scholar- 
ship and  holds  both  a  Washington 
State  Merit  Scholarship  and  a  Seattle 
First  Merit  Scholarship.  The  WSU 
junior  is  simultaneously  enrolled  in 
the  College  of  Veterinary  Medicine 
and  as  a  general  agriculture  major  in 
the  College  of  Agriculture  and  Home 
Economics. 

Miss  Besola's  accomplishments  as 
an  active  student  include  reaching 
the  highest  levels  of  distinction  in  Al- 
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Amelia  and  Mark  Besola,  both  students  of  veterinary  medicine,  aspire  to  different 
careers — Amelia's  interest  is  agriculture  and  Mark's  is  preservation  of  endangered 
species. 


pha  Zeta.  She  currently  serves  on  the 
honorary's  national  board  of  directors 
and  was  the  top  National  Alpha  Zeta 
Scholar.  She  is  also  one  of  five  stu- 
dents currently  serving  in  the  Leader- 
ship and  Academic  Development  Pro- 
gram of  Alpha  Zeta.  At  WSU,  Miss 
Besola  has  served  in  the  college  sen- 
ate and  was  one  of  the  students 
responsible  for  developing  the  organi- 
zation's original  charter  and  consti- 
tution. She  maintains  this  high  level 
of  involvement  while  holding  a  3.97 
grade  average  (of  a  4.0  total). 

Some  students  of  this  caliber  would 
consider  moving  away  from  an  indus- 


try with  the  problems  agriculture  is 
reported  to  have.  But  rather  than 
being  discouraged,  Amy  sees  a  chal- 
lenge and  notes  the  demand  for  well- 
educated  people  in  agriculture.  And 
while  she  sees  herself  in  a  rural  vet- 
erinary practice,  that  one-on-one 
transfer  of  research  to  grass-roots 
farming  is  critical  to  continuing  the 
consumers'  food  supply,  she  says. 

"Agriculture  is  still  our  future,"  she 
says.  "It's  a  lot  more  than  the  cows- 
and-plows  scenario  we  see  portrayed 
so  often.  It's  high  technology  and  in- 
novation, and  we  need  intelligent 
people  in  the  industry  to  help  take 
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advantage  of  those  resources.  I'd 
rather  be  part  of  the  solution  and  help 
us  do  a  better  job  of  feeding  the 
world  than  sit  around  and  talk  about 
how  bad  things  are." 

Younger  brother  Mark  could  be  ac- 
cused of  following  in  Amy's  footsteps. 
The  sophomore  animal  science  major 
has  been  accepted  to  the  WSU  Col- 
lege of  Veterinary  Medicine  and  plans 
to  carry  a  major  in  general  agricul- 
ture at  the  same  time.  He  also  excels 
as  a  student,  according  to  his  advis- 
ers. Mark  also  is  a  Washington  State 
Scholar  and  a  WSU  Distinguished 
Scholar  as  well  as  western  region 
winner  of  a  Purina  scholarship.  Like 
Amy,  he  is  active  as  a  student  senator 
and  as  a  College  Ambassador,  recruit- 
ing students  for  the  College  of  Agri- 
culture and  Home  Economics. 

But  when  it  comes  to  career  goals, 
the  similarities  cease.  True,  both  are 
studying  veterinary  medicine,  but 
graduation  from  veterinary  school  is 
still  4  years  away  for  Mark,  and  he 
wants  to  keep  his  options  open.  He 
considers  all  areas  of  veterinary  medi- 
cine to  be  both  challenging  and 
worthwhile  but  is  leaning  toward 
working  in  a  zoo  or  wild  animal  park 
environment. 

"I  think  the  challenge  of  preserving 
endangered  species  is  great  and  there 
needs  to  be  more  done  in  that  area," 
he  says.  "After  working  in  a  Smith- 
sonian program  at  The  National  Zoo 
last  summer,  I  decided  that  a  career 
working  with  exotic  species  might  be 
for  me.  We  have  a  lot  of  research  on 
domestic  animals.  Now  those  con- 
cepts in  such  areas  as  nutrition  and 
reproduction  need  to  be  adapted  to 
preserve  diversity  in  the  animal 
kingdom." 

The  younger  Besola  agrees  with  his 
sister  that  a  degree  in  agriculture  was 
a  good  move  for  them.  And  he  also 
says  the  dim  picture  painted  of  the 
industry's  economy  should  not  dis- 
courage students  from  studying  its 
individual  disciplines.  There  are  so 


many  ways  agriculture  degrees  can 
be  applied,  he  says,  that  quality  peo- 
ple with  expertise  in  those  disciplines 
will  continue  to  be  in  demand 

Four  years  as  an  undergraduate 
can  change  goals  and  redirect  ca- 
reers. When  Jerry  Boley  entered  The 
Ohio  State  University  in  1982,  he  was 
very  interested  in  science  and  inter- 
ested in  agriculture.  His  plan  was  to 
earn  a  degree  in  animal  science,  go 
on  to  veterinary  school,  and  go  back 
to  western  Ohio  to  establish  a  rural 
practice  while  helping  manage  and 
expand  his  family's  swine  operation. 

Now  a  senior  nutrition  major  in  the 
Department  of  Animal  Science,  the 
former  high  school  valedictorian  has  a 
different  plan.  Boley  excelled  in  Ohio 
State's  honors  program,  achieving 
near  perfect  grades,  and  has  been  ac- 
cepted to  four  medical  colleges  across 
the  country. 

What  changed  Jerry's  direction?  He 
says  he  did  not  feel  stimulated 
enough  by  early  courses  in  livestock 
production  to  make  a  career  in  that 
area.  A  nutrition  course  got  him  to 
thinking  about  medicine  for  both  ani- 
mals and  people.  And  a  summer  job 
in  a  community  hospital  back  home 
convinced  him  which  way  to  go. 

But  the  Ohio  State  senior  doesn't 
see  medicine  as  a  way  out  of  agricul- 
ture or  rural  life.  In  fact,  he  believes 
his  upbringing  and  education  will 
help  him  achieve  the  thorough  under- 
standing of  people  that  he  says  doc- 
tors must  have  to  be  effective.  Boley 
may  even  end  up  putting  that  knowl- 
edge to  direct  use. 

"I  can't  pick  what  area  I'll  special- 
ize in  right  now,"  he  says.  "But  if  I 
had  to,  it  would  probably  be  family 
practice  in  a  rural  area.  I  think  often- 
times doctors  coming  into  that  type  of 
situation  don't  know  how  to  relate  to 
it,  and  neither  they  nor  their  patients 
receive  the  best  of  the  situation.  I 
think  my  knowledge  of  that  lifestyle 
would  be  a  real  help  and  I  could  feel 
comfortable  in  that  situation  also." 
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Jerry  Boley's  agricultural  education  led  to 
an  interest  in  medicine;  after  medical 
school  he  may  go  into  family  practice  in  a 
rural  area. 


Feeling  comfortable  with  where 
you  are  is  critical.  And  although  you 
can't  overlook  the  problems  in  the 
farm  economy,  diversity  and  optimism 
for  the  future  made  Ron  Risley  finish 
his  degree  in  agriculture  and  go  on  to 
a  graduate  program  in  the  same  area. 

Risley,  from  Campbell,  New  York, 
graduated  from  high  school  in  1973 
and  entered  Cornell  University  to 
study  animal  science.  He  says  he  was 
not  happy  with  where  he  was  and 
what  he  was  doing  at  Cornell,  so  he 
left  school  and  went  back  to  his  fath- 
er's dairy  farm.  After  working  at 


home  for  4  years  and  then  taking  a 
position  with  a  farm  in  western  Mary- 
land, Risley  entered  the  University  of 
Maryland  in  1983. 

"I  wanted  to  get  out  in  the  world 
more  and  deal  with  different  types  of 
people  while  still  maintaining  my  ties 
to  agriculture  and  especially  the  dairy 
industry,"  he  said  of  his  return  to  col- 
lege. "It  just  seemed  like  the  time  to 
get  off  the  farm  and  get  back  into 
school." 

Risley  switched  to  agricultural  eco- 
nomics at  Maryland  and  graduated  in 
1985  with  highest  honors — a  perfect 
4.0  grade  point  average.  That  8-year 
vacation  did  him  good,  he  says.  He 
saw  other  sides  of  agriculture  and 
was  ready  for  new  challenges.  The 
New  York  native  is  currently  on  an 
assistantship  at  Virginia  Polytechnic 
Institute  and  State  University  in  a 
master's  degree  program  for  dairy 
marketing.  The  farm  economy  may 
be  discouraging  at  times,  but  Risley 
believes  agriculture  students  who 
want  a  career  in  the  industry  can 
have  one  by  broadening  their 
horizons. 

"I  don't  think  you  can  ignore  the 
economy  right  now,"  he  says.  "There 
are  times  when  things  look  pretty 
bleak.  But  we  have  to  attempt  to 
broaden  our  horizons.  In  my  case, 
that  means  taking  more  finance 
courses  to  develop  some  specialty. 
The  bottom  line  is  that  I'm  doing 
what  I  want  to  do — what  I'm  happiest 
doing — and  that's  being  involved  in 
agriculture  and  the  dairy  industry  in 
some  way." 
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Ag  Graduate- 
Will  Travel 

H.  O.  Kunkel,  dean,  College  of 
Agriculture,  Texas  A&M 
University,  College  Station 

The  world  is  the  job  market  for  ag- 
riculture graduates.  For  decades 
now,  many  graduates  of  colleges  of 
agriculture  have  looked  toward  em- 
ployment in  foreign  settings  as  a  be- 
ginning for  their  postcollege  careers. 
The  internationalization  of  agriculture 
has  taken  an  increasing  share  of  agri- 
cultural graduates  abroad  at  some 
time  in  their  careers. 

Graduates  of  U.S.  universities  in 
the  agricultural  sciences  reside  in  all 
parts  of  the  world.  Many,  of  course, 
are  citizens  of  other  countries  who 
came  to  the  United  States  for  all  or 
part  of  their  university  education.  But 
a  substantial  number,  too,  are  U.S. 
citizens.  Some  are  on  extended  tours 
and  some  are  but  frequent  business 
travelers  to  foreign  sites.  The  1,000  or 
more  who  apply  annually  for  agricul- 
tural assignments  in  the  Peace  Corps 
illustrate  the  continuing  attractive- 
ness of  a  foreign  assignment  for  a 
substantial  number  of  agricultural 
graduates. 

For  all,  the  experience  is  enriching. 
Consequently,  more  colleges  of  agri- 
culture across  the  United  States  are 
positioning  themselves  to  provide  an 
educational  base  for  a  global  world  of 
work. 

Agricultural  Colleges  in 
International  Arena 

Largely  in  collaboration  with  U.S.  for- 
eign assistance  programs,  colleges  of 
agriculture  began  in  the  1950's  to  de- 
velop international  agricultural  pro- 
grams to  complement  the  traditional 
functions  of  academic  instruction,  re- 
search, and  extension.  These  pro- 


grams extended  the  contributions  of 
universities  to  the  development  of  hu- 
man resources,  institutions,  and  agri- 
culture of  developing  countries.  They 
represented  an  effort  to  address  the 
threat  of  global  malnutrition  and  hun- 
ger, a  potential  now  recognized  as 
chronic  poverty  as  well  as  a  lack  of 
technological  development. 

Through  the  years,  U.S.  land-grant 
universities  have  sent  hundreds  of 
faculty  and  staff  members  to  engage 
in  training  and  institution  building. 
Nine  institutions  in  India,  universities 
in  Bangladesh,  the  Philippines,  West, 
North  and  East  Africa,  the  Dominican 
Republic  and  a  host  of  other  coun- 
tries are  the  legacies  of  involvement 
of  U.S.  colleges  of  agriculture.  The 
evolving  legacy  is  also  a  growing 
corps  of  U.S.  agricultural  graduates 
who  function  effectively  as  world 
citizens. 

Title  XII  of  the  1975  Foreign  As- 
sistance Act  provided  for  an  expanded 
and  institutionalized  long-term  com- 
mitment of  universities  in  develop- 
ment. Strengthening  grants,  memo- 
randa of  understanding  between  the 
U.S.  Agency  for  International  Devel- 
opment (AID)  and  universities,  and 
the  development  of  a  joint  profes- 
sional career  system  to  allow  faculty 
members  to  work  for  AID  and  AID 
professionals  to  work  on  a  university 
campus  have  been  means  by  which 
universities  built  continuing  interest 
and  capability  for  international 
agriculture. 

Collaborative  Research  Sup- 
port Program  (CRSP).  CRSP, 
supported  by  AID,  extends  agricul- 
tural research  and  graduate  study. 
CRSP's  are  long-term  research  pro- 
grams for  collaboration  of  U.S.  uni- 
versities, AID,  USDA,  and  other  re- 
search institutions  with  institutions  in 
developing  countries.  The  CRSP  pro- 
gram is  multifaceted  and  may  be 
aimed  at  any  aspect  of  the  food  chain, 
including  production,  nutrition,  and 
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Florida  grapefruit  awaits  export  from  Miami. 


cultural  and  economic  elements. 

International  Agricultural  Re- 
search Centers  (lARC's).  De- 
veloping, too,  are  informal  as  well  as 
formal  collaborations  among  univer- 
sity scientists  and  IARC's  and  cooper- 
ative efforts  between  U.S.  university 
scientists  and  scientists  in  developing 
countries.  Networks  among  agricul- 
tural scientists  on  global  basis  and 
long-term  linkages  between  U.S.  uni- 
versities and  foreign  institutions  are 
now  surfacing.  The  flow  of  agricul- 
tural science  and  technology  has  be- 
come increasingly  a  two-way  flow. 

With  this  commitment  to  interna- 
tional issues,  on-campus  educational 
and  training  programs  and  courses  to 
prepare  international  and  U.S.  stu- 
dents for  work  in  world  agriculture 
have  expanded,  a  trend  that  was  en- 
couraged through  the  Title  XII 
Strengthening  Grants.  Some  institu- 


tions have  established  graduate  and 
undergraduate  majors  or  collateral 
emphases  in  international  agriculture. 
Colleges  of  agriculture  are  increas- 
ingly integrating  the  international  di- 
mension into  their  academic  and  re- 
search programs.  So,  substantial 
educational  opportunities  exist  for  ag- 
ricultural students  who  are  willing  to 
travel  internationally  in  their  careers. 

Multinational 
Agribusiness  and 
Industry  Opportunities 

The  more  than  $30  billion  agricul- 
tural export  sales  each  year  require 
an  extraordinary  number  of  highly 
trained  food  and  agriculture  profes- 
sionals. The  U.S.  private  sector — agri- 
business and  industry,  national  and 
multinational  companies — is  a  domi- 
nant factor  in  agricultural  careers 
abroad. 
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A  major  U.S.  corporate  firm,  for  ex- 
ample, has  built  and  operates  an  irri- 
gated mechanized  farm  in  the  Sudan. 
It  instigated  a  joint  venture  to  estab- 
lish a  date  processing  company  to 
process  and  export  invert  dates  from 
Tunisia  to  North  America.  Another 
company  has  been  a  catalyst  for  in- 
ternational food  conferences.  Major 
grain  firms  have  established  plant 
breeding  programs  in  South  America. 
Such  corporations  develop  a  market- 
ing and  supply  infrastructure. 

Often  U.S.  professionals  are  not 
posted  permanently  in  these  coun- 
tries; they  are  administrative  and 
technical  specialists  who  help  man- 
age a  project  while  training  their  for- 
eign counterparts. 

As  developing  countries  attain  cer- 
tain levels  of  technological  status,  a 
U.S.  or  multinational  company  may 
seek  out  management  and  investment 
opportunities,  thereby  implementing  a 
transfer  of  agricultural  technology 
and  providing  employment  for  agri- 
cultural professionals. 

Multinational  Organizations. 

Large  grain  and  cotton  handlers, 
commodity  trade  firms,  and  food 
firms  are  examples  of  multinational 
organizations  with  activities  and  hold- 
ings in  both  developed  and  develop- 
ing countries.  They  have  research, 
sales,  and  management  components 
with  representatives  posted  in  recipi- 
ent countries.  Agricultural  economists 
find  employment  as  economic  ana- 
lysts and  forecasters  in  these  interna- 
tional settings. 

Food  Industry.  The  food  industry 
is  a  large  component  of  agribusiness 
with  substantial  international  inter- 
ests. These  interests  provide  opportu- 
nity for  both  long-term  assignments 
in  other  countries  and  periodic  tours 
of  duty  in  other  lands,  for  graduates 
in  food  science  and  technology  and 
related  areas  such  as  food  economics, 
marketing,  horticulture,  and 
biotechnology. 


International  trade  fairs,  like  this  one  in 
Paris,  open  market  doors  for  U.S.  produce. 


Importers  of  fruits  and  vegetables 
employ  graduates  as  buyers  in  pro- 
ducing countries.  A  number  of  food 
companies  in  the  United  States  have 
strong  international  groups  for  mar- 
keting their  products.  These  manu- 
facturers employ  professionals  with 
technical  knowledge  as  sales  repre- 
sentatives in  countries  in  which  they 
wish  to  develop  markets  such  as  Ja- 
pan and  Europe.  Nearly  all  American 
food  manufacturers  are  active  import- 
ers of  food  products.  For  this  effort, 
they  have  field  representatives  and 
buyers  with  a  broad  array  of  technical 
and  marketing  knowledge.  U.S.  com- 
panies that  manufacture  food  proc- 
essing equipment  have  markets 
around  the  globe.  They  employ  food 
scientists  and  food  engineers,  among 
other  kinds  of  engineers  and  technol- 
ogists, to  install  food  processing  units 
in  foreign  countries. 

Other  Business  Opportuni- 
ties. Banks  in  the  United  States  that 
finance  international  trade  and  multi- 
national agribusiness  also  employ  ag- 
ricultural economists  with  specialized 
knowledge  of  international  business. 
Export  and  import  businesses  also 
provide  opportunities  for  employment 
for  graduates  in  agribusiness  or  agri- 
cultural economics.  International  in- 
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surance  firms  that  insure  interna- 
tional transport  of  agricultural 
products  likewise  employ  agricultural 
analysts. 

Agricultural 

Development 

Opportunities 

Foreign  assistance  programs  have 
been  under  way  since  1942,  and 
many  of  them  have  been  specifically 
designed  to  strengthen  the  food  and 
agricultural  capacities  of  developing 
countries.  These  programs  are  di- 
rected toward  the  improvement  of 
policies,  reduction  of  constraints  on 
agricultural  production,  development 
of  human  resources  and  institutions, 
and  expansion  of  roles  of  the  private 
sector. 

A  large  number  of  agricultural 
professionals  are  employed  in  carry- 
ing out  U.S.  interests  throughout  the 
developing  world. 

USDA.  USDA  provides  services  to 
AID  through  a  wide  range  of  Partici- 
pating Agency  Service  Agreements 
(PASA)  and  Resources  Support  Serv- 
ice Agreements  (RSSA).  USDA  scien- 
tists assist  AID  in  special  assignments 
for  surveys,  project  analyses,  and  re- 
lated activities  in  developing 
countries. 

USDA  also  operates  programs  de- 
signed to  prevent  entry  of  foreign 
pests  and  diseases  and  provides  as- 
sistance to  developing  countries  in 
controlling  disease  and  pest  problems. 
Entomologists,  plant  pathologists,  and 
veterinarians  are  sent  on  special  as- 
signments into  other  countries.  USDA 
professionals  also  assist  in  export 
market  expansion  activities. 

The  place  of  agricultural  attaches 
warrants  special  note.  These  agricul- 
tural professionals  are  assigned  to 
embassies  and  missions.  They  play  an 
important  role  for  the  U.S.  economy 
as  information  specialists  relative  to 


the  agricultural  economies  of  other 
countries.  They  are  frequently  the 
most  highly  respected  U.S.  officials  in 
the  countries  in  which  they  work. 

AID,  AID  personnel — agricultural- 
ists, development  officers,  nutrition- 
ists, and  others — work  with  develop- 
ing country  counterparts  in  planning, 
management,  and  evaluation  of  a 
wide  variety  of  agricultural  projects. 
AID  makes  scientists  and  advisers 
available  to  developing  countries 
through  contacts  and  agreements 
with  U.S.  universities,  private  firms, 
and  other  U.S.  agencies. 

Opportunities  With 

International 

Organizations 

lARC's.  Supporting  IARC's  is  the 
Consultative  Group  on  International 
Agricultural  Research  (CGIAR), 
which  is  sponsored  by  the  Food  and 
Agricultural  Organization  of  the 
United  Nations,  the  World  Bank,  and 
the  United  Nations  Development  Pro- 
gramme. IARC's  started  with  private 
foundation  (mainly  Rockefeller  and 
Ford  Foundations)  support,  foster 
both  research  and  training  while  pro- 
viding technical  assistance  and  sup- 
port of  agricultural  research  and  insti- 
tutions in  developing  countries. 

At  their  beginning  IARC  staffs 
came  mainly  from  the  land-grant  uni- 
versity system.  A  substantial  number 
of  staff  members  still  do.  These  cen- 
ters focus  on  the  development  of  im- 
proved production  and  marketing 
technologies,  better  varieties  of  crops, 
and  improved  methods  of  disease  and 
pest  control.  They  are  regarded  as 
truly  exemplary  successes  in  interna- 
tional agricultural  research  and 
extension. 

Mfor/tf  Bank  and  Inter-Ameri- 
can Development  Bank  (IDB). 

The  World  Bank  and  IDB  provide 
long-term  commitments  to  training, 
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A  USDA  agricultural  trade  officer  helps  with  agricultural  projects  in  Singapore. 


institution  building,  and  infrastruc- 
ture development.  The  World  Bank  is 
the  largest  single  source  of  external 
loans  for  agriculture  in  developing 
countries.  It  and  the  IDB  are  both 
employers  of  graduates  in  the  agricul- 
tural sciences. 

The  World  Bank  and  IDB  have 
staffs  located  in  their  Washington 
headquarters  as  well  as  in  various  re- 
gions of  the  world.  Their  widely  dis- 
persed interests  insure  that  nearly  all 
their  professionals  will  travel  abroad 
extensively. 

Peace  Corps 
Opportunities 

The  Peace  Corps  stands  as  a  highly 
visible  overseas  outlet  for  graduates  in 
the  agricultural  sciences,  both  as  op- 
portunity for  work  in  other  lands  and 
cultures  and  for  expanding  one's  edu- 
cation. The  pay  is  modest,  and  work- 


ing conditions  can  be  frustrating.  The 
living  conditions  can  challenge  the 
ability  to  adapt.  Peace  Corps  volun- 
teers, however,  often  see  an  assign- 
ment as  an  adventure,  as  a  way  to 
serve  others,  and  as  an  opportunity  to 
learn. 

The  Peace  Corps  focuses  its  efforts 
on  fundamental  human  needs — 
health,  nutrition,  food  and  water, 
knowledge  and  skills,  economic  de- 
velopment, housing,  energy,  conser- 
vation, and  community  service.  The 
methods  involve  interactions  on  a 
person-to-person  level.  The  volun- 
teer's work  role  and  lifestyle  often 
merge. 

One  of  each  six  Peace  Corps  as- 
signments requires  skills  in  agricul- 
ture. Most  volunteers  are  college 
graduates,  although  accumulated  ex- 
perience enables  some  without  col- 
lege degrees  to  enter  the  Peace 
Corps.  Assignments  include  crop  pro- 
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duction,  plant  protection,  soil  science, 
agricultural  education,  agricultural 
economics,  animal  husbandry,  farm 
mechanics,  and  beekeeping.  One  ex- 
panding activity  is  in  fisheries.  The 
opportunities  are  to  teach  and  to  work 
with  small  farmers  and  government 
counterparts,  farmer  cooperatives, 
and  the  ministry  of  agriculture. 

Currently  about  5,400  Peace  Corps 
volunteers  and  trainees  are  in  almost 
60  countries,  mostly  in  the  Third 
World  Some  200-250  graduates  in 
agriculture  enter  the  Peace  Corps  an- 
nually. But  many,  whose  education  is 
in  other  fields,  also  work  with  them. 

For  most,  the  Peace  Corps  has  pro- 
vided a  means  of  developing  creative 
skills  and  fluency  of  language.  They 
have  acquired  a  global  perspective 
and  a  certain  wisdom  regarding  peo- 
ples, cultures,  and  agriculture  in 
other  lands.  About  60  percent  of  re- 
turned Peace  Corps  volunteers  seek 
further  education.  A  number  go  on  to 
gain  positions  of  influence  and  lead- 
ership in  government  and  with  major 
multinational  firms.  The  Peace  Corps 
clearly  serves  the  educational  growth 
of  many  developing  professionals. 

Educational  Preparation 

The  Peace  Corps  probably  provides 
the  principal  opportunity  for  the  bac- 
calaureate graduate.  Some  of  the  jobs 
offered  by  multinational  business  and 
industry,  however,  also  are  directed 
towards  B.S.  degree  graduates  if  such 
organizations  provide  additional  train- 
ing in  necessary  skills  and 
knowledge. 

But,  for  the  most  part,  positions  re- 
quire an  advanced  degree  that  war- 
rants attention  and  respect  of  counter- 
parts in  other  nations.  The  value  of 
an  advanced  degree  or  experience  is 
that  work  in  foreign  settings  often  re- 
quires both  broad  technical  knowl- 
edge and  maturity  of  judgment.  An 
international  career  may  well  demand 
a  more  comprehensive  education  than 


does  a  domestic  career. 

Although  technical  knowledge  is  a 
requisite  for  many  international  jobs 
in  the  private  sector,  an  ability  to 
communicate  and  a  facility  in  lan- 
guage are  equally  valued.  Knowledge 
of  languages  such  as  Spanish, 
French,  Japanese,  or  Russian  can  be 
especially  useful. 

The  knowledge  base  for  agricul- 
tural professionals  to  work  effectively 
in  international  agriculture  includes 
understanding  of  international  trade, 
marketing,  and  monetary  policies.  But 
a  sensitivity  to  the  cultural  unique- 
ness of  a  country,  a  knowledge  of 
property  rights  and  tenure,  and  an 
understanding  of  the  priorities  of  a 
people  and  their  government  are  like- 
wise essential.  The  person  who  seeks 
work  in  a  developing  country  should 
be  prepared  for  multiple  interactions 
between  agriculture  and  social  proc- 
esses, between  the  methods  of  farm- 
ing and  marketing,  and  the  culture 
and  livelihood  of  the  people,  all  of 
which  may  be  quite  different  from 
those  in  the  United  States. 

Patience  is  a  quality  that  also  is  re- 
quired. The  tendency  is  to  under- 
estimate the  logistical  problems — 
distribution  systems,  the  natural  re- 
source base,  the  managerial  and  staff- 
ing abilities.  The  ability  to  distinguish 
between  what  is  feasible  and  what  is 
not  may  be  the  most  critical  skill  for 
the  "ag"  graduate  who  wants  to  travel 
and  work  in  an  international  setting. 

Unquestionably,  there  can  be 
something  special  and  satisfying 
about  careers  away  from  home  that 
afford  opportunities  to  influence  agri- 
cultural policies  and  economic  devel- 
opment of  host  nations.  Degrees  in 
the  agricultural  sciences,  spiced  with 
certain  broadening  elements  of  edu- 
cation, can  open  the  way. 
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Accelerating 
Into  Tomorrow 

Henry  A.  Robitaille,  agricultural 
manager,  The  Land,  Agriculture 
Office,  Epcot  Center,  Walt  Disney 
World,  Lake  Buena  Vista,  FL 


To  maintain  U.S.  agriculture  at  a 
competitive  and  profitable  level, 
productivity  and  production  efficiency 
resulting  from  new  knowledge  and 
technology  must  continue  to  increase. 
In  only  45  years,  1  farmer  has  gone 
from  feeding  19  to  116  people  by  us- 
ing better  fertilizers  and  feeds,  trac- 
tors, genetic  hybrids,  irrigation,  and 
pesticides.  Problems  like  soil  erosion, 
aquifer  depletion,  and  environmental 
pollution  have  occurred,  but  work  on 
these  problems  is  now  leading  to 
newer  technologies  like  conservation 
tillage,  learning  to  grow  plants  in 
weeds  and  stubble  to  minimize  soil 
exposure;  drip,  surge,  and  other  new 
approaches  to  irrigation;  and  inte- 
grated pest  management  using  an  in- 
creasing variety  of  available  tools  to 
manage  crop  and  pest  interactions. 

There  are  many  dramatic  examples 
of  increasing  productivity  in  all  agri- 
cultural areas.  To  illustrate  only  one, 
animal  scientists  in  a  recent  compari- 
son found  that  33-pound  pigs  fed  a 
1907  diet  gained  7  pounds  in  60  days, 
while  those  on  a  1983  diet  gained  63 
pounds,  a  ninefold  increase  in 
productivity. 

Increasing  productivity  may  mean 
even  fewer  farmers  in  the  future.  But 
it  also  means  many  exciting  new  ca- 
reers in  fields  like  biochemistry,  agri- 
cultural engineering,  plant  and  ani- 
mal sciences  (genetics,  breeding, 
physiology  and  pathology),  entomol- 
ogy, agricultural  economics,  and  soil 
sciences. 

The  potential  to  increase  productiv- 
ity is,  by  no  means,  exhausted.  Con- 
sider, for  example,  that  the  average 


yield  for  eight  major  U.S.  crops — 
com,  wheat,  soybeans,  sorghum,  oats, 
barley,  potatoes,  and  sugar  beets — is 
estimated  to  be  only  20  percent  of  the 
record  yield  of  the  same  crops.  Of  the 
unrealized  80  percent  of  the  potential 
yield,  stressful  conditions  (drought, 
salty  soils,  suboptimal  temperatures, 
etc.)  account  for  about  70  percent, 
with  the  remaining  10  percent  attrib- 
utable to  insects  and  diseases.  For  all 
crops,  record  high  yields  are  3  to  7 
times  greater  than  their  average 
yields. 

And  in  the  future,  record  yields  too 
will  be  increased  as  plant  physiolo- 
gists understand  phenomena  such  as 
the  efficiency  of  basic  nitrogen  fixa- 
tion, and  water  and  nutrient  uptake. 
A  recent  Agricultural  Research  article 
projected  increases  in  yields  of  corn 
from  an  average  of  113  bushels  an 
acre  today  to  275  and  385  bushels  an 
acre  by  the  years  2000  and  2050,  re- 
spectively. These  yields  exceed  the 
highest  experimental  yields  ever  pro- 
duced. New  methods  of  growing, 
processing,  and  marketing  will  all  be 
developed. 


Future  Tools 

Computer  science  and  biotechnology 
are  two  disciplines  that  will  affect  all 
areas  of  agriculture  in  the  future. 

Computer  Science.  Computers 
will  be  increasingly  used  to  control 
operations  and  systems  like  pest  man- 
agement and  irrigation  with  great 
precision.  High  cash  crops  will  be 
grown  in  sophisticated  greenhouses 
where  computers  will  control  1)  the 
root  and  shoot  environments,  2)  ro- 
bots that  seed,  space,  irrigate,  man- 
age pests  of,  fertilize,  and  harvest  the 
plants,  and  3)  marketing  selections 
for  maximum  profit.  Tomorrow's  trac- 
tors will  be  intelligent  machines  that 
use  computers  to  plant,  prune,  selec- 
tively harvest,  super  cool  and  field 
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Agricultural  engineers  find  numerous  and  diverse  applications  for  computers  at  The 
Land.  On  tomorrow's  farms  as  well,  computers  are  moving  into  areas  like  "expert 
systems"  and  robotics  controls.  Here,  background  plants  grow  hydroponically; 
soilless  growing  will  find  limited  applications  on  earth  but  important  applications  in 
space  agriculture. 
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pack  crops  automatically  and  with 
great  precision. 

Support  for  these  kinds  of  develop- 
ments will  come  from  agricultural  en- 
gineers like  Roy  Harrel  at  the  Univer- 
sity of  Florida,  who  has  already 
developed  a  prototype  robot  to  harvest 
citrus. 

Biotechnology.  Horticulturists 
and  foresters  are  already  using  one 
area  of  biotechnology  called  tissue 
culture  to  clone  huge  numbers  of  dis- 
ease-free vegetables,  ornamentals, 
and  forest  trees  starting  with  tiny 
plant  parts  and  sometimes  even  sin- 
gle cells. 

In  doing  genetic  engineering,  mo- 
lecular biologists  who  introduce  new 
genes  into  plant  cells  also  depend  on 
whole  plant  regeneration  to  see 
expression  of  that  gene.  In  one  exam- 
ple, plant  genetic  engineers  suc- 
ceeded in  transferring  the  structural 
gene  from  the  major  storage  protein 
in  bean  seeds  into  tobacco  plantlets, 
where  it  did  produce  the  bean  seed 
protein  at  low  but  constant  levels. 

Animal  scientists  are  excited  by  ex- 
perimental results  with  bovine  growth 
hormone  produced  industrially  by  ge- 
netically engineered  bacteria.  The 
hormone  can  increase  milk  produc- 
tion by  10  to  33  percent  without  pro- 
portionately increasing  feed  intake,  at 
least  on  a  short-term  basis. 

Genetic  Diversity 

Today  less  than  0. 1  percent  of 
about  350,000  available  plant  species 
are  used  for  agriculture.  Agronomists, 
particularly  plant  breeders  and  gene- 
cists,  are  extremely  concerned  about 
preserving  and,  in  some  cases,  cata- 
loging this  invaluable  future  resource. 
Genes  to  incorporate  traits  like  dis- 
ease resistance  and  salt  tolerance  into 
tomorrow's  crop  plants  will  come 
from  this  vast  germplasm  pool.  Simi- 
larly, continued  improvement  of  ani- 
mal agriculture  is  dependent  on  pre- 


Horticulturist  uses  tissue  culture  for  rapid 
propagation  and  production  of  disease- 
free  clones. 


serving  and  using  world  resources  of 
animal  germplasm. 

Some  plants  will  be  selected  from 
this  germplasm  pool  for  cropping  in 
the  future,  for  new  uses  or  products, 
and  to  meet  the  need  for  crops  that 
are  adapted  to  adverse  environments. 
Two  examples  for  potential  food  use 
are  1)  winged  bean  for  the  wet  trop- 
ics with  high  protein  seeds,  leaves 
and  pods  for  vegetables,  and  starchy 
tuberous  roots,  and  2)  buffalo  gourd 
for  the  deserts  with  seeds  high  in 
vegetable  oil  and  protein,  and  starchy 
roots. 

Green  plants,  the  best  solar-energy- 
capturing  devices  known,  produced 
today's  gas,  oil  and  coal  deposits,  and 
will  help  meet  tomorrow's  hydrocar- 
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Little-known  plants  like  Euphorbia  lathyris  may  be  important  future  sources  of 
hydrocarbons,  industrial  raw  materials,  and  biochemicals  for  medicine. 


bon  needs.  Jojoba  seeds  are  50  per- 
cent oil  of  such  high  quality  that  this 
desert  shrub  will  help  save  the  sperm 
whale  by  replacing  whale  oil  for  spe- 
cial lubricating  applications.  You'll 
also  hear  about  another  desert  shrub 
called  guayule  for  domestic  natural 
rubber  production,  and  plants  like 
Euphorbia  lathyris  and  Copaifera 
multijuga  for  mobile  fuels.  The  latter, 
a  Brazilian  tree,  can  be  tapped  to 
yield  40  liters  of  a  material  like  diesel 
fuel  annually. 

New  Frontiers 

Agriculture  will  move  into  space  on 
orbiting  stations  and  lunar  and  plane- 
tary bases  during  the  21st  century. 
Green  plants  will  be  required  for  food, 


landscaping,  and  to  help  recycle  car- 
bon dioxide,  nitrogen,  and  water.  Al- 
though soil  scientists  may  find  that 
extraterrestrial  soils  support  plant 
growth,  much  space  horticulture  will 
be  through  hydroponics  or  soilless 
growing  where  13  normally  soil- 
derived  essential  plant  elements  are 
dissolved  in  the  irrigation  water.  Hor- 
ticulturists, entomologists,  and  plant 
pathologists  are  anxious  to  learn  how 
their  particular  organisms  will  behave 
and  interact  in  the  microgravity  of 
space. 

Exciting  Careers 

The  past  85  years  alone  have  given 
us  hundreds  of  new  tools  like  trac- 
tors, controlled-atmosphere  storages, 
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pest-controlling  chemicals,  com- 
puters, center-pivot  irrigation  sys- 
tems, and  plant  breeding.  Our  knowl- 
edge base  in  all  fields  including  plant 
and  animal  biology  has  increased 
exponentially. 

Since  producing  food,  fiber,  wood, 
fuel,  environmental  beauty,  and  other 
agricultural  products  must  continue 
to  be  the  most  important  technology 
over  the  next  85  years  as  well,  the  fu- 
ture looks  incredibly  bright  and  excit- 
ing for  all  agricultural  disciplines.  To- 
day's best  students  will  be  needed  to 
apply  the  continually  expanding  base 
of  science  and  technology  to  applica- 
tions in  agricultural  engineering, 
agronomy,  animal  science,  forestry, 
food  technology,  and  other  fields  to 
continue  both  solving  agricultural 
problems  and  increasing  productivity. 

The  Land 

Future  World  at  Epcot  Center  is  a 
place  where  the  technologies,  tools, 
and  concepts  for  tomorrow  are  dis- 
played for  the  millions  of  guests  visit- 
ing the  Walt  Disney  World  Vacation 
Resort  annually. 

At  The  Land,  sponsored  by  Kraft, 
30  young  agricultural  professionals 
grow  the  most  important  and  poten- 
tially important  world  crops  in  the  en- 
vironments of  a  tropics,  desert,  pro- 
duction greenhouse,  and  creative 
farm.  Horticulturists  and  agronomists 
like  Margit  Hentschel  (University  of 
Florida  1984)  produce  tons  of  cucum- 
bers, tomatoes,  lettuce,  bananas,  mal- 
abar,  peppers,  and  other  crops  for  Ep- 
cot Center  restaurants  in  controlled 
environments  using  hydroponics. 

They're  supported  by  4  entomolo- 
gists like  Chris  HaUiday  (Penn  State 
1981),  and  3  plant  pathologists  like 
Jean  Batzer  (University  of  Minnesota 
1982),  who  are  developing  a  highly 
effective  integrated  pest  management 
program  emphasizing  biological  con- 
trols. The  young  scientists  work  with 
sophisticated  tools  in  growth  cham- 


bers, laboratories,  and  greenhouses, 
learning  to  use  agricultural  pests'  nat- 
ural enemies  for  their  control. 

Andrea  Grainger  (Auburn  Univer- 
sity 1985)  and  Tom  Ardelt  (Illinois 
State  University  1986)  are  animal  sci- 
entists producing  fish  for  Epcot  Cen- 
ter's restaurants  in  the  densely  popu- 
lated raceways  in  The  Land's 
aquacell.  For  conservation,  water  is 
recirculated  through  an  elaborate  fil- 
tration system.  In  addition  to  studying 
this  state-of-the-art  aquacultural  facil- 
ity, Andrea  and  Tom  are  also  evaluat- 
ing new  animals,  cropping  systems, 
and  feeds. 

Agricultural  engineers  provide  es- 
sential support  to  all  production  and 
research  efforts  at  The  Land. 

Eldon  Muller  (University  of  Idaho 
1981)  heads  up  the  computer  team, 
working  on  projects  like  detailed  en- 
vironmental monitoring  of  all  growing 
areas,  crop  scheduling  and  pest  pre- 
diction modeling,  and  precision  com- 
puter-control of  operations  like  crop 
irrigation  and  aquacell  flow  rate.  He 
writes  software  as  well  as  evaluates 
new  hardware  as  it  becomes  avail- 
able. On  the  horizon — robotics!! 

Other  specialists,  like  Sandra 
Gerdes  (University  of  Iowa  1981)  who 
propagates  The  Land's  pineapples, 
bananas,  strawberries  and  other 
clones  via  tissue  culture,  round  out 
The  Land  team,  a  team  approaching 
the  Future  World  of  agriculture  with 
excited  anticipation. 
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Juss.),  144,  147-148 
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153,  154,  155,  168 
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Nim.  See  Neem. 
Nitrogen,  62,  139,  208,  241, 
261,  326;  fixation,  112-116 
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tral, 274 
Northeast,  235,  241 
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Office  of  Critical  Materials,  292 
Office  of  Grants  &  Program 

Systems,  245 
Office  of  International  Cooper- 


ation and  Development,  6 

Office  of  Technology  and  As- 
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Particleboard,  253,  256 
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121,  123,  130-133,  140-141, 
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Pears,  172 
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121-123,  130-133,  140-141, 
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117-120,  304;  improving 
characteristics  of,  134-138; 
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phogenesis, 119;  nitrogen 
fixation  in  nonleguminous, 
112-116;  pathogens  of,  62-63, 
121,  132;  pathogenicity  in, 
130-133;  photosynthesis  in, 
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Pollutants,  232,  242-243,  250 
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Polypeptides,  83 
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Powers,  Harry  R.,  Jr.,  221 
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192,  325;  ferredoxin,  113; 
flavodoxin,  113;  Gly- 
coprotein, 104;  in  insects, 
155;  in  plants,  110-111;  iron, 
112,  116;  lymphokines,  107; 
microbial,  261,  molybdenum- 
iron,  112,  113,  116;  recombi- 
nant, 95,  96;  single-cell,  53. 
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See  also  antibodies  and 
monoclonal  antibodies. 
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Rosenthal,  G.  A.,  148 
Ros,s,  Cleon,  Dr.,  216 
Rotenone,  144,  152 
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Space  Museum,  299; 
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Soil  conservation,  253 
Soil  erosion,  239-240,  247-249, 

305,  323 
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134-138 
Sorbitol,  260 
South  America,  3,  147,  204, 

312,319 
South  Carolina,  222 
South,  221,  222,  224,  259,  263, 

264,  274 
Southwest,  274;  States,  236 
Soybeans,  113,  126,  132,  142, 

259,  323 
Space  horticulture,  326 
Spaceboard,  255,  256 
Sperm,  68,  70-71,  73-77 
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193,  258,  260,261;  beets, 
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Sweetflag.  See  Calamus. 
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leukin  2. 
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Talaromyces  flavus,  63 

Tannins,  141,  260 

Tate,  Tom,  275 
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2,  10,  319,  323,  327;  com- 
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272-285;  filtration,  50-51; 
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packing,  9.  See  also  Biotech- 
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201-202 

Teleconferencing,  274,  283 
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Terpenes,  139-140,  142 

Texas  A&M,  281 
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Tobacco,  budworms,  147; 
hornworms,  161;  Orinoco,  3 
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Tomatoes,  122-123,  132,  137, 
138,  140,  151,  327 
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and  Jumping  Genes. 
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Trees,  super  207,  213;  ben- 
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96,  104,  105 
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Vinyl,  261 
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gens of. 
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luted, 60-61 

Watersheds,  214,  235,  249 

Watson,  James,  127 

Wax,  260 

Weather,  244,  303;  forecasts, 
232,  250-252 

Webly,  D.  J.,  148 
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Zea  mays,  130 

Zerbe,  John  I.,  253 

Ziemer,  Robert  R.,  247 

Zoos,  314;  San  Diego,  307-308; 
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